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(54) CURABLE COMPOSITIONS 

(57) The present Invention has for Its object to pro- 
vide a curable composition which, despite Its low viscos- 
ity, gives a cured product with a high gel fraction, low 
residual tack, low modulus, high elongation, and good 
flexibility. 

The present invention relates to a curable compo- 
sition comprising the foliowing two components: 

(A) a vinyl polymer having at least one crosslinking 

silyl group on the average per molecule: 

and 



(B) a photocurable substance, (C) an air oxidation - 
curable substance, (D) a high molecular plasticizer, 
(E) a reactive plasticizer or (F) a compound having 
onesilanol group in its molecule and/or a compound 
capable of reacting with moisture to give a com- 
pound having one silanol group in the molecule. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to a curable composition. More particularly, the invention relates to a curable 
composition comprising a viny! polymer having a crossiinking functional group such as a crossiinking silyl group. 

BACKGROUND ART 

to [0002] Referring to vinyl polymers produced by radical polymerization, in contrast to those polymers which are pro- 
duced by Ionic polymerization or poly condensation, few polymers having functional groups, particularly vinyl polymers 
at molecular chain terminus such functional groups, are available as of today. Among such vinyl polymers, (meth) 
acrylic polymers have certain characteristics not shared by polyether polymers, hydrocarbon polymers or polyester 
polymers, such as high weathering resistance and transparency, and said (meth)acryllc polymers having an alkenyl 

is or crossiinking sliyl group In the side chain have been utilized In weather-resistant coatings, among other applications. 
Meanwhile, the control of polymerization reaction of acrylic polymers is handicapped by side reactions and the intro- 
duction of a functional group Into the molecular chain terminus, for Instance, Is extremely difficult. 
[0003] Should It be possible to produce an alkenyl group-terminated vinyl polymer by an expedient method, cured 
products having superior physical properties as compared with those obtainable from ones having crossiinking side- 

20 chain groups could be obtained. From this point of view, attempts to establish such a technology have been made by 
many workers to this day but actually it has proved difficult to produce such polymers on a commercial scale. By way 
of illustration, Japanese Kokai Publication Hel-1-247403 and Japanese Kokai Publication Hei-5-255415 disclose proc- 
esses for synthesizing alkenyl-terminated (meth)acrylic polymers using an alkenyl group-containing disulfide as the 
chain transfer agent. 

25 [0004] Japanese Kokai Publication Hei-5-262808 discloses a process for producing an alkenyl-terminated (meth) 
acrylic polymer which comprises synthesizing a vinyl polymer having a hydroxyl group at both termini by using a hy- 
droxy I -containing disulfide and, then, con verting the terminal hydroxyl group to an alkenyl group by utilizing the reactivity 
of the hydroxyl functional group. 

[0005] Japanese Kokai Publication Hei-S-21 1 922 discloses a process for producing a silyl-terminated (meth) acrylic 
30 polymer which comprises synthesizing a vinyl polymer having a hydroxyl group at both termini by using a hydroxyl- 
containing porysulfide and converting the terminal hydroxyl groups to silyl groups by utilizingthe reactivity of the hydroxyl 
functional group. 

[0006] By these processes, however, It is difficult to certainly introduce functional groups Into both termini of the 
molecular chain, hence to give cured products having satisfactory characteristics. In order that a functional group may 
35 be Introduced into both termini with certainty, the chain transfer agent must be used in a large amount, which is dis- 
advantageous process-wise. Furthermore, since the reaction involves a standard radical polymerization reaction in 
these processes, the molecular weight and molecular weight distribution (the ratio of weight average molecular weight 
to number average molecular weight) of the product polymer cannot be easily controlled. 

[0007] In view of the above conventional technology, the inventors already did several inventions relating to vinyl 

40 polymers having various crossiinking silyl groups at their terminus, processes for producing the polymers, curable 
compositions and uses [e.g. Japanese Kokai Publication Hel-11 -080249, Japanese Kokai Publication Hei-1 1-080250, 
Japanese Kokai Publication Hel-11 -00581 5, Japanese Kokai Publication Hel-11 -11 661 7, Japanese Kokai Publication 
Hei-1 1-1 16606, Japanese Kokai Publication Hei-1 1-080571, Japanese Kokai Publication Hei-1 1-080570, Japanese 
Kokai Publication Hei-11 -130531, Japanese Kokai Publication Hei-1 1-1 00433, Japanese Kokai Publication Hei- 

45 11-116763, Japanese Kokai Publication Hei-9-272714, Japanese Kokai Publication Hei-9-272715, etc.l. 

[0008] For example, a vinyl polymer having a crossiinking silicon-containing group (hereinafter referred to sometimes 
as "crossiinking silyl group") comprising a hydroxy! or hydrolyzable group bound to a silicon atom and capable of 
siloxane bonding or a cured product obtainable from this has excellent heat resistance and weather resistance, there- 
fore it can be used in various fields such as architectural elastic sealants and composite-glass sealants, coatings, 

so sealing materials or members and so on. 

[0009] However, cured products available from such a vinyl polymer having a crossiinking silyl group tend to have 
the drawback of a conflict between hardness and surface tackiness (also referred as to tacky or residual tack); that is 
to say, products which are required to be low hardness, I.e. elastic, express a greater residual tack on their surface 
and tend to be easily soiled. For example, in use as an architectural sealant, the residual tack attracts soil and dust to 

55 the surface to adversely affect the appearance of buildings. The first aspect of the present invention, therefore, has 
for its object to reduce the surface tackiness (residual tack) of cured products obtainable from vinyl polymer having a 
crossiinking silyl group. 

[0010] Meanwhile, cured products obtainable by using a vinyl polymer having a crossiinking functional group such 
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as a cross I in king silyl group as the curable component have satisfactory heat resistance and weather resistance and 
exhibit good coatabiiity when a coating is applied thereon. However, when a well-known plasticizer of comparatively 
low molecular weight, such as a phthalic acid ester, is used-for the purpose of lowering the viscosity of the formulation, 
the gradual eiution of the plasticizer by heat or rain water from the cured product makes it difficult to maintain the initial 
s physical properties of the product for a long time. The additional disadvantage is that when a coating known as "alkyd 
coating" is applied, the coating is hard to be dried and cures easily. 

[001 1 1 Therefore, the second aspect of the present invention has for its object to reduce the surface tackiness (re- 
sidual tack) of the cured product obtainable by using a vinyl polymer having a crosslinking siiyi group as the curable 
component to thereby minimize the settlement of dust thereon while upholding the satisfactory mechanical properties 
to of the cured product and, at the same time, improve the coatabiiity of the product, to an alkyd coating. The third aspect 
of the present invention has for its object to maintain the heat resistance and weather resistance of the cured product 
available from the crosslinking functional group-containing vinyl polymer over a protracted time period and, at the same 
time, improve the coatabiiity of the cured product to an alkyd coating. 

[0012] Meanwhile, In order to Impart flexibility to such cured products through reduction in the modulus thereof, It is 
is . generally necessary to Increase the molecular weight of the polymer but this entails an increased viscosity of the 
polymer, thus detracting from workability. An alternative approach comprises lowering the rate of introduction of a 
crosslinking silyl group instead of increasing the molecular mass of the polymer but, in this case, the uncrossllnked 
fraction is Increased to cause a reduced cure speed and a reduced gel fraction of the cured product, thus exerting 
adverse effects on physical properties other than flexibility. Therefore, in order to reduce viscosity while sustaining 
20 flexibility, it is common practice to add one of various plasticlzers. 

[001 3J As such plasticizers, there can be mentioned aromatic carboxyiic acid esters, aliphatic carboxylic acid esters, 
phosphoric acid esters, glycols, epoxy plasticlzers and chlorinated paraffin, among others. However, these plasticizers 
have migrating properties so that when used for sealants or adhesives, they tend to cause such troubles as fouling at 
and around sealed joints, adverse Influences on adhesion, and a decrease in flexibility due to extraction of the plasticizer 
25 on prolonged curing. The fourth aspect of the present invention, therefore, has for its object to improve workability in 
a compounding stage or a curable composition application stage, to impart flexibility to cured products, and inhibit 
adverse influences of plasticizer migration. 

[001 4] As means for reducing the crosslinking silyl group content of a vinyl polymer without reducing the amount of 
introduction of the crosslinking silyl group to thereby impart flexibility to cured products through a reduction in modules, 
30 Japanese Kokai Publication Sho-61 -34067 and Japanese Kokai Publication Sho-64-9268, among others, disclose the 
technology involving addition of a compound having one silanol group per molecule and/or a compound capable of 
reacting with moisture to give a compound containing one silanol group per molecule (hereinafter sometimes these 
are collectively referred to as "silanol-containing compound"). 

[0015] However, the organic vinyl polymer containing at least one reactive silicon functional group per molecule as 
35 described in Japanese Kokai Publication Sho-61 -34067 is produced by the standard free radical polymerization reac- 
tion using a chain transfer agent and, therefore, has a high viscosity as well as the disadvantage that in order to attain 
flexibility while retaining a high gel fraction, it is necessary to use an unsaturated organosiiicon monomer in a large 
amount and a sllanol-contalnlng compound also In an Increased amount. The fifth aspect of the present Invention, 
therefore, has for its object to provide a curable composition which, despite its low viscosity, gives a cured product with 
40 a high gel fraction, low residual tack, low modulus, high elongation, and good flexibility. 

SUMMARY OF THE INVENTION 

[0016] The first aspect of the present invention is directed to a curable composition comprising the following two 
^5 components: 

(A1 ) a vinyl polymer having at least one crosslinking silyl group of the general formula (1 ) on the average per molecule: . 

-[Si(R 1 ) 2 . b (Y) b O] m -Si(R 2 V a (Y) a (1) 

so 

wherein R 1 and R 2 may be the same or different and each represents an alkyl group containing 1 to 20 carbon atoms, 
an aryl group containing 6 to 20 carbon atoms, an aralkyl group containing 7 to 20 carbon atoms, or a triorganosHoxy 
group of the formula (R^SiO-, where R' represents a univalent hydrocarbon group containing 1 to 20 carbon atoms 
and the plurality of R groups may be the same or different, and when two or more R 1 or R 2 groups are present, they 
55 may be the same or different; Y represents a hydroxy! group or a hydrolyzable group and, when two or more Y groups 
are respectively present, they may be the same or different; a represents an Integer of 0, 1 , 2 or 3; b represents an 
Integer of 0, 1 or 2; m is an Integer of 0 to 1 9; with the condition that the relation of a + mb 2: 1 Is satisfied and 
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(B) a photocurable substance. 

[0017] The second aspect of the present Invention Is directed to a curable composition comprising 

(A2) a vinyl polymer having at least one crosslinking silyl group of the above general formula (1) on the average per 

molecule and 

(C) an air oxidation-curable substance. 

[0018] The third aspect of the present invention is directed to a curable composition comprising 
(A3) a vinyl polymer having at least one crosslinking functional group on the average and 

(D) a high molecular plasticizer. 

[0019] The fourth aspect of the present Invention Is directed to a curable composition comprising 

(A4) a vinyl polymer having not less than 1.1 of crosslinking silyl groups of the above general formula (1) on the average 

per molecule and 

(E) a reactive plasticizer comprising a vinyl polymer having not more than one of crosslinking silyl group of the above 
general formula (1) on the average per molecule. 

[0020] Lastly, the fifth aspect of the present Invention Is directed to a curable composition comprising 
(AS) a vinyl polymer having at least one crosslinking silyl group of the above general formula (1) on the average (pro- 
vided, however, that R 1 and R 2 may be the same or different and each represents an alkyl group containing 1 to 20 
carbon atoms, an aryl group containing 6 to 20 carbon atoms or an aralkyl group containing 7 to 20 carbon atoms), 
the main chain of which vinyl polymer has been obtained by a living polymerization reaction and 

(F) a compound having one silanol group per its molecule and/or a compound capable of reacting with moisture to 
give a compound having one silanol group per the molecule. 

[0021] The present invention is now described in detail. 

DETAILED DISCLOSURE OF THE INVENTION 
« First aspect of the invention» 

[0022] The curable composition according to the first aspect of the Invention is now described in detail. 

[0023] The curable composition according to the first aspect of the invention comprises (A1) a vinyl polymer having 

a crosslinking silyl group and (B) a photocurable substance. 

[(A1 ) vinyl polymer] 

[0024] The vinyl polymer having at least one crosslinking silyl group of the above general formula (1 ) on the average, 
for use as (A1) component, crosslinks by siioxane bonding. 

<Main chain> 

[0025] The vinyl monomer constituting the main chain of the vinyl polymer (A1) Is not particularly restricted but may 
be any of various monomers. As examples, there may be mentioned (meth)acrylic monomers such as (meth)acrylic 
acid, methyl (meth)acrylate, ethyl (meth)acrylate, n-propyl (meth)acrylate, isopropyl (meth)acryiate, n-butyl (meth)acr- 
ylate, Isobutyl (meth)acrylate, tert-butyl (meth)acrylate, n-pentyl (meth)acrylate, n-hexyl (meth)acrylate, cyclohexyl 
(meth)acrylate, n-heptyl (meth)acrylate, n-octyl (meth) aery late, 2-ethylhexyI (meth)acrylate, nonyl (meth)acrylate, de- 
cyl (meth)acrylate, dodecyl (meth)acrylate, phenyl (meth) aery I ate, toluyl (meth)acrylate, benzyl (meth)acrylate, 2-meth- 
oxyethyl (meth) aery late, 3-methoxybutyl (meth)acrylate, 2- hydroxy ethyl (meth)acrylate, 2-hydroxypropyl (meth)acr- 
ylate, stearyl (meth)acrylate, glycidyl (meth)acrylate, 2-aminoethyI (meth)acrylate, ^(methacryloyloxypropyl)trlmeth- 
oxysilane, (meth)acrylic acid-ethylene oxide adducts, trifluoromethylmethy! (meth)acrylate, 2-trlfluoromethylethyl 
(meth)acryiate f 2-perfluoroethylethyl (meth)acrylate, 2-perfluoroethyl-2-perfluo rob utyl ethyl (meth)acrylate, 2-perfluor- 
oethyl (meth)acrylate, perfluoromethyl (meth)acrylate, diperfluoromethylmethyl (meth)acrylate, 2-perfluoromethyl- 
2-perfluoroethylmethyl (meth) aery late, 2-perfiuorohexylethyl (meth)acrylate, 2-perfiuorodecylethyl (meth)acrylate and 
2-perfluorohexadecyiethyl (meth)acrylate; styrenic monomers such as styrene, vinyltoluene, ct-methylstyrene, chlo- 
rostyrene, and styrenesulfonlc acid and salts thereof; fluorinecontaining vinyl monomers such as perfiuoroethylene, 
perfluoropropylene and vlnyiidene fluoride; silicon-containing vinyl monomers such as vinyltrimethoxysilane and vinyl- 
triethoxysilane; maleic anhydride, maleic acid and monoalkyl esters and dlalkyl esters of maleic acid; fumaricacld and 
monoalkyl esters and dialkyi esters of f umaric acid; maleimlde monomers such as malelmide, methylmaleimide, ethyl- 
maleimfde, propylmaleimide, butylmaleimide, hexylmaieimide, octylmaleimide, dodecylmaJeimide, stearylmaieimide, 
phenylmaleimide and cyclohexylmalelmide; nitrile-containing vinyl monomers such as acrylonitrile and methacryioni- 
trile; amido-containlng vinyl monomers such as acrylamide and methacrylamlde; vinyi esters such as vinyl acetate, 
vinyl propionate, vinyl plvalate, vinyl benzoate and vinyl cinnamate; alkenes such as ethylene and propylene; conju- 
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gated dienes such as butadiene and isoprene; vinyl chloride, vinylldene chloride, allyl chloride, allyl alcohol and so 
forth. These may be used singly or a plurality of them may be copolymerized. Preferred among them from the viewpoint 
of physical properties of products, among others, are styrenic monomers and (meth)acrylic monomers, more preferably 
acrylic ester monomers and (meth)acrylic ester monomers, still more preferably acrylic ester monomers, and butyl 
s acrytate is particularly preferred. In the practice of the invention, these preferred monomers may be copolymerized 
with other monomers, even in the manner of block polymerization, and, on that occasion, the proportion of these 
preferred monomers is preferably 40% by weight. In the nomenclature used above, (meth)acrylic acid, for instance, 
means acrylic acid and/or methacrylic acid. 

[0026] The molecular weight distribution of the vinyl polymer (A1 ) Is not particularly restricted but the ratio of weight 
to average molecular weight to number average molecular weight as determined by gei permeation chromatography is 
generally less, than 1.8, preferably not more than 1 .7, more preferably not more than 1 .6, still more preferably not more 
than 1.5, especially, preferably not more than 1.4, most preferably not more than 1.3. in GPC measurements in the 
practice of the invention, the measurements are generally carried out using polystyrene gel columns with chloroform 
as the mobile phase. The number average molecular weight and so on can be determined on a polystyrene equivalent 
is basis. 

[0027] The number average molecular weight of the vinyl polymer (A1 ) Is not particularly restricted but preferably Is 
within the range of 500 to 1 ,000,000, more preferably 1 ,000 to 1 00,000. 

<Methods for synthesis of the main chain> 

20 

[0028] The method of synthesizing the vinyl polymer (A1) is not restricted but is preferably a controlled radical po- 
lymerization technique, more preferably a living radical polymerization technique, particularly an atom transfer radical 
polymerization technique. These polymerization techniques are described below. 

25 Controlled radical polymerization 

[0029] The radical polymerization method can be divided into the "general radical polymerization method" in which 
a monomer having a given functional group is simply copolymerized with a vinyl monomer using an azo or peroxide 
compound as the polymerization initiator and the "controlled radical polymerization method" which Is capable of intro- 

30 ductng a given functional group into a defined position such as the molecular chain terminus. 

[0030] The "general radical polymerization method" is an expedient method. However, by this method, a monomer 
having a given functional group is introduced into the product polymer only in probabilities, and in order to synthesize 
a polymer of high functionality, this monomer must be used in a fairly large amount. When conversely the amount of 
the monomer is small, the ratio of polymer molecules not provided with the given functional group is Increased. Another 

35 disadvantage is that since the reaction is a free radical polymerization reaction, the molecular weight distribution is so 
broadened that only a polymer having a high viscosity can be obtained. 

[0031] The "controlled radical polymerization method" can be divided into the "chain transfer agent technique" in 
which a vinyl polymer having a functional group at the molecular chain terminus Is produced by carrying out the po- 
lymerization reaction using a chain transfer agent having a given functional group, and the "living radical polymerization 

to technique" in which the polymerization proceeds with the growing chain terminus constantly growing without being 
Interrupted by a termination reaction to give a polymer approximating the designed molecular weight. 
[0032] The "chain transfer agent technique" Is capable of giving a polymer of high functionality but a chain transfer 
agent having a given functional group must be used in a fairly large amount relative to the initiator, with the consequent 
disadvantage in economics inclusive of the cost of treatment involved. A further disadvantage of the technique is that 

45 because it is also a free radical polymerization method as is said "general radical polymerization method", there can 
be obtained only a polymer having a broad molecular weight distribution and a high viscosity. 
[0033] Unlike the above polymerization technology, the "living radical polymerization technique" is advantageous in 
that despite its also being a method for radical polymerization reaction which is generally considered to be hardly 
controllable because of the high velocity polymerization and high tendency of termination by radical-radical coupling 

so or the like, a termination reaction does not easily take place, thus giving a polymer with a narrow molecular weight 
distribution (Mw/Mn = about 1 .1 to 1 .5), and further in that the molecular weight can be f reefy controlled by adjusting 
the monomer-initiator charge ratio. 

[0034] Since "living radical polymerization" is thus capable of giving a polymer having a narrow molecular weight 
distribution and a low viscosity and enables introduction of a monomer having a given functional group in an almost 
55 designated position, it is a further preferred method for producing a vinyl polymer having said given functional group. 
[0035] In a narrow sense of the term, "living polymerization" means a polymerization in which the molecule grows 
with its growth termini being constantly activated. Generally, however, the term is used to broadly cover as well a 
pseudo-living polymerization reaction in which the polymer grows while molecules with an activated terminus and 
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molecules with an inactivated terminus are In equilibrium, and the term as used In this specification also has the latter 
broad meaning. 

[0036] Recently, "living radical polymerization" has been studied In earnest by many research groups. By way of 
illustration, this technology includes the method employing a cobalt porphyrin complex as described in J. Am. Chem. 
s Soc., 116, 7943 (1994) ; the method using a radical rapping agent such as a nitroxide compound as described in 
Macromolecules, 27, 7228 (1994), and the atom transfer radical polymerization (ATRP) method using an organohal- 
ogen compound as the initiator and a transition metal complex as the catalyst. 

[0037] Among such variations of the "living radical polymerization method", the "atom transfer radical polymerization" 
method in which a vinyl monomer is polymerized using an organohalogen compound or a suifonyl halide compound 

10 as the initiator and a transition metal complex as the catalyst is still more preferred for the production of said vinyl 
polymer having a given functional group because, in addition to the above-mentioned advantages of "living radical 
polymerization" it is capable of giving a polymer having a halogen atom or the like at its terminus, which Is comparatively 
favorable for a functional group exchange reaction, and offers a broad freedom in the initiator and catalyst design. 
Regarding this atom transfer radical polymerization method, reference can be made to MatyJaszewskI et al.: J. Am. 

*5 Chem. Soc, 117, 5614 (1995), Macromolecules, 28, 7901 (1995), Science, 272, 866 (1996), WO 96/30421, WO 
97/18247, WO 98/01480, WO 98/40415, Sawamoto et a!.: Macromolecules, 28, 1721 (1995), Japanese Kokal Publi- 
cation Hel-9-208616 and Japanese Kokal Publication Hei-8-41 1 1 7, among others. 

[0038] The technique to be selected from among those living radical polymerization techniques In the practice of the 
present invention is not particularly restricted but atom transfer radical polymerization is preferred. 

zo [0039] Living radical polymerization will be described in detail hereinafter. In the first place, however, the polymeri- 
zation reaction using a chain transfer agent, which is a variant of controlled radical polymerization, for the production 
of vinyl polymer (A1) to be described hereinafter, is now explained. While the radical polymerization technique utilizing 
a chain transfer agent (teiomer) is not particularly restricted but for the production of a vinyl polymer having a terminal 
structure suited to the present invention, the following two alternative techniques, among others, can be mentioned. 

25 [0040] These include the process for producing a halogen-terminated polymer using a halogenated hydrocarbon as 
a chain transfer agent as described in Japanese Kokai Publication Hei-4-132706 and the process for producing a 
hydroxy I -terminated polymer using an OH-containing mercaptan, an OH-containing polysulfide or the like as the chain 
transfer agent as described in Japanese Kokai Publication Sho-61-271306, Japanese Patent 2594402, and Japanese 
Kokai Publication. Sho-54-47782. 

30 [0041 ] The living radical polymerization technique is now explained. 

[0042] First, the technique which uses a radical capping agent such as a nitroxide compound is described. In this 
polymerization, a nitroxy free radical (=N-0-), which is generally stable, Is used as the radical capping agent. While 
such a compound is not restricted, nitroxy free radicals from cyclic hydroxy lamines, such as the 2,2,6,6-substituted- 
1 -piperidinyloxy radical and 2,2,5,5-substituted-1 -pyrrolidinyloxy radical, are preferred. Appropriate as the substituents 

35 are alky I groups containing not more than 4 carbon atoms, such as methyl and ethyl groups. Specific nitroxy free radical 
compounds include, but are not limited to, 2,2,6,6-tetramethyl-l -piperidinyloxy radical (TEMPO), 2,2,6,6-tetraethyl- 
1 -piperidinyloxy radical, 2 ,2, 6, 6-tetramethyl-4-oxo-1 -piperidinyloxy radical, 2,2,5,5-tetramethyM -pyrrolidinyloxy radi- 
cal, 1,1,3,3-te1ramethyl-2-lsotndolinyloxy radical and N.N-dl-tert-butylamlnoxy radical, among others. Such a stable 
free radical as the galvinoxyl free radical may be used In lieu of the nitroxy free radical. 

40 [0043] The above radical capping agent is used In combination with a radical generator. It Is presumable that the 
reaction product from a radical capping agent and a radical generator serves as a polymerization Initiator and the 
polymerization of an addltlon-polymerlzable monorner(s) proceeds. The mixing ratio of the two agents is not particularly 
restricted but, appropriately, the radical initiator is used in an amount of 0.1 to 1 0 moles per mole of the radical capping 
agent 

45 [0044] Although various compounds can be used as the radical generator, a peroxide capable of generating a radical 
under polymerization temperature conditions is preferred. Such peroxide includes but Is not limited to diacyl peroxides 
such as benzoyl peroxide and lauroyl peroxide, dialkyl peroxides such as dicumyl peroxide and di-tert-butyi peroxide, 
peroxydicarbonates such as diisopropyl peroxydicarbonate and bls(4-tert-butylcyclohexyl) peroxydicarbonate, alkyl 
peresters such as tert-butyl peroxyoctoate and tert-butyl peroxybenzoate, and the like. In particular, benzoyl peroxide 

so is preferred. Further, another radical generator, for example a radical-generating azo compound such as azobisisobu- 
tyronitrile, may be used in lieu of the peroxide. 

[0045] As reported in Macromolecules, 1995,28, 2993, such alkoxyamine compounds as shown below may be used 
as the initiator instead of the combined use of a radical capping agent and a radical generator. 

55 
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[0046] When an aikoxyamlne compound is used as the Initiator and. the compound has a hydroxyl or like functional 
40 group, as indicated by either formula shown above, a functional group-terminated polymer is obtained. When this Is 
applied to the method of the Invention, a functional group-terminated vinyl polymer Is obtained. 
[0047] The monomer(s) to be used In the polymerization using a radical capping agent such as a nltroxlde compound 
as mentioned above and the polymerization conditions such as solvent and polymerization temperature are not re- 
stricted but may be the same as those used in atom transfer radical polymerization to be described below. 

45 

Atom transfer radical polymerization 

[0048] Then , the technique of atom transfer radical polymerization, which is more preferred as the technique of living 
radical polymerization, is described. 
so [0049] In this atom transfer radical polymerization, an organohalogen compound, in particular an organohalogen 
compound having a highly reactive carbon-halogen bond (e.g. a carbonyi compound having a halogen atom at the a 
position, or a compound having a halogen at the benzyl position), or a sulfonyl halide compound or the like is used as 
the Initiator. 

[0050] Specific examples are: 
55 C 6 H 5 -CH2X, C 6 H 5 -C(H) (X) CH 3 , C B H 5 -C(X) (CH 3 ) 2 

(in the above formulae; C 6 H 5 stands for a phenyl group; X is a chlorine, bromine or iodine atom), 
R3-C(H) (X)-C0 2 R 4 , R3-C(CH3) (X)-CQ 2 R* R a -C (H) (X)-C(0)R* R 3 
-C(CHg) (XJ-C^R 4 
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(in the above formulae, R 3 and R 4 each represents a hydrogen atom or an alkyl, aryl or aralkyl group containing up to 

20 carbon atoms; X is a chlorine, bromine or iodine atom), 

R 3 -C 6 H 4 -S0 2 X 

(in the above formula, R 3 is a hydrogen atom or an alkyl, aryl or aralkyl group containing up to 20 carbon atoms and 
X is a chlorine, bromine or iodine atom), and so on. 

[0051] An organohaiogen orsuffonyl halide compound having a functional group other than afunctional group serving 
as an initiator of the polymerization may also be used as the initiator in atom transfer radical polymerization. In such 
cases, there is formed a vinyl polymer having said functional group at one terminus of the main chain with the other 
terminus having the growing terminal structure for atom transfer radical polymerization . As such functional group, there 
may be mentioned an alkenyl group, a crosslinking silyl group, a hydroxy! group, an epoxy group, an amino group, an 
amido group and the like. 

[0052] The aikenyl-containing organohaiogen compound includes but is not limited to compounds having a structure 
represented by the general formula (2): 

R 6 R 7 C(X)-R 8 -R 9 -C(R 5 )==CH 2 (2) 

wherein R 5 is a hydrogen atom or a methyl group; R 6 and R 7 each represents a hydrogen atom or a univalent alkyi, 
aryl or aralkyl group containing up to 20 carbon atoms or these are linked to each other at the respective free termini; 
R 8 is -C(0)0- (ester group), -C(O)- (keto group) or an o-, n> or p-phenylene group; R 9 is a direct bond or a bivalent 
organic group containing 1 to 20 carbon atoms, which may optionally contain one or more ether linkages; X is a chlorine, 
bromine or iodine atom. 

[0053] As specific examples of the substituents R 6 and R 7 there may be mentioned hydrogen, methyl, ethyl, n- 
propyl, isopropyi, butyl., pentyl, hexyl and the like. R 6 and R 7 may be linked to each other at the respective free termini 
to form a cyclic structure. 

[0054] Specific examples of the aikenyl-containing organohaiogen compound represented by the general formula 
(2) are as follows: 

XCH 2 C(0)0(CH 2 ) n CH=CH 2 , H 3 CC(H) (X)C(0)0(CH 2 ) n CH=CH 2 , (H 3 C) 2 C{X) C (O)O (CH2) n CH=CH 2 , CH 3 CH 2 C (H) 
(X) C (0)0<CH 2 ) n CH=CH 2> 




(in the above formulae, X is a chlorine, bromine or iodine atom and n is an integer of 0 to 20); 

XCH 2 C(O)O(CH2) n 0(CH 2 ) m CH-CH 2 , H 3 CC(H) (X)C(0)0(CH 2 ) n O(CH 2 ) m CH=CH 2 , (H 3 C) 2 C(X)C(0)0(CH 2 ) n O 
(CH 2 ) m CH=CH 2 , CH 3 CH 2 C(H)(X)C(0)0(CH 2 ) n O(CH 2 ) m CH=CH 2 , 




^{CHgJnG-fCHaJcriCH-CHa 



(In the above formulae, X Is a chlorine, bromine or iodine atom; n is an Integer of 1 to 20; m Is an Integer of 0 to 20); 
o, m, p-XCH 2 -C s H 4 -(CH 2 ) n -CH=CH 2 , o, m, p-CH 3 C(H) (X) -C 6 H 4 .-(CH 2 ) n -CH=CH 2 , o, m, p-CH 3 CH 2 C(H) (X) 
-C 6 H 4 -(CH 2 ) n -CH=CH 2 , 
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(in the above formulae, X is a chlorine, bromine or iodine atom; n Is an integer of 0 to 20) ; 

o, m, p-XCH 2 -C 6 H4-(CH 2 ) n -0-(CH 2 ) m -CH=CH 2l o, m, p-CH 3 C(H) (X)-C 6 H 4 -(CH 2 ) n -0-(CH 2 ) m -CH=CH 2t o, m, 
p-CH 3 CH 2 C(H) (X)-C 6 H 4 -(CH 2 ) n .O-(CH 2 ) ni -CH=CH 2j 

(in the above formulae, X Is a chlorine, bromine or Iodine atom; n is an integer of 1 to 20; m is an integer of 0 to 20); 
o, m, p-XCH 2 -C 6 H 4 -0-(CH 2 ) n -CH=CH 2l o, m, p-CH 3 C(H) (X)-C 6 H 4 -0-(CH 2 ) n -CH=CH 2 , o, m, p-CH 3 CH 2 C(H) <X)-C 6 H 4 - 
0-(CH 2 ) n -CH=CH 2 , 

(in the above formulae, X is a chlorine, bromine or iodine atom; 
n is an integer of 0 to 20); 

0, m, p-XCH 2 -C 6 H 4 -0-{CH 2 ) n -0-(CH 2 ) m -CH=CH 2 , o, m, p-CH 3 C(H) (X)-C 6 H 4 -0-(CH 2 ) n -0-(CH 2 ) m -CH-CH 2 , o, m, 
p-CH 3 CH 2 C (H) (X) -CeH^O- (CH 2 ) n -0-(CH 2 ) m -CH=CH 2 , 

(in the above formulae, X is a chlorine, bromine or iodine atom; 
n is an integer of 1 to 20; m is an integer of 0 to 20). 

[0055] As the alkenyl-containingorganohalogen compound, there mayfurther be mentioned compounds represented 
by the general formula (3): 

H 2 C=C(R 5 )~R 9 -C(R 6 ) (X)-R 10 -R 7 (3) 

wherein R 5 , R 6 , R 7 , R 9 and X are as defined above and R 10 represents a direct bond, -C(0)0- (ester group), -C(0)- 
(keto group) or an o-, m- or p-phenylene group. 

[0056] R 8 is a direct bond or a bivalent organic group containing 1 to 20 carbon atoms (which may optionally contain 
one or more ether linkages) and, when it is a direct bond, the vinyl group is attached to the carbon atom to which the 
halogen atom is attached, hence the compound is an aliyl halide. In this case, the carbon-halogen bond is activated 
by the neighboring vinyl group and therefore it is not always necessary for R 10 to be a C(0)0 or phenylene group; 
thus, R 10 may be a direct bond. When R 9 is not a direct bond, it is desirable that R 10 is a 0(0)0, C(O) or phenylene 
group so as to activate the carbon-halogen band. 

[0057] Specific examples of the compound of formula (3) are as follows: 

CH 2 =CHCH2X, CH2=C(CH 3 )CH 2 X, CH^CHC (H) (X) CH 3 , CH2=C(CH 3 )C(H) (X) CH 3 , CH 2 =CHC (X) (CH 3 ) 2 , 
CH2=CHC (H) (X) C 2 H 5 , CH 2 =CHC(H) (X)CH(CH 3 ) 2 , CH^CHCtH) (X) C S H 5 , CH 2 =CHC (H) (X) CH 2 C S H 5 , 
CH2=CHCH 2 C (H) (X) -C0 2 R, CH^CH (CH 2 ) 2 C (H) (X) -C0 2 R, CH 2 =CH (CH 2 ) 3 C(H) (X)-CO s R, CH 2 =CH (CH 2 ) 8 C 
(H) (X)-C0 2 R, CH2=CHCH 2 C (H) (X)-C G H 5 , CH 2 =CH (CH 2 ) 2 C (H) (X) -C S H 5 , and CH2=CH(CH 2 ) 3 C(H) (X)-C S H 5 
(in the above formulae, X represents a chlorine, bromine or iodine atom; R is an alky!, aryl or aralkyl group containing 
up to 20 carbon atoms), and the like. 

[0058] Specific examples of the aikenyl-containing sulfony! halide compound are as follows: 
o-, m- f p-CH2=CH-(CH 2 ) n -C 6 H 4 -S0 2 X and 

o-, m-, p-CH^CH^CH^n-O-CeH^SC^X (in the above formulas, X represents a chlorine, bromine or iodine atom; n is 
an Integer of 0 to 20). 

[0059] The above cross I in king silyl-containing organ oh alogen compound includes but is not limited to compounds 
having a structure represented by the general formula (4): 

R 6 R 7 C(X)-R 8 -R 9 -C(H) (R 5 )CH 2 -[Si(R 11 ) 2 . b (Y) b O) m -Si(R 12 )3. a (Y) a (4) 

wherein R 5 , R 6 , R 7 , R 8 , R 9 and X are as defined above; R 11 and R 12 each represents an alkyl, aryl or aralkyl group 
containing up to 20 carbon atoms or a triorganosiloxy group of the formula (R') 3 SiO- (where R' is a univalent hydrocarbon 
group containing 1 ~20 carbon atoms and the three R' groups may be the same or different) and, when two or more 
R 11 and/or R 12 groups are present, they maybe the same or different; Y represents a hydroxy! group or a hydro lyzable 
group and, when two or more Y groups are present, they may be the same or different; a represents an integer of 0, 

1 , 2 or 3, b represents an integer of 0, 1 or 2 and m is an integer of 0 to 1 9, with the condition that the relation a + mb 
£ 1 should be satisfied. 

[0060] Specific examples of the compound of the general formula (4) are: 

XCH 2 C(0)0(CH 2 ) n Si(OCH 3 ) 3 , CH 3 C(H) (X)C(-0)0{CH 2 ) n Si(OCH 3 ) 3 , (CH3) 2 C (X) C (O) O (CH 2 ) n Si (OCH 3 ) 3 , 
XCHjjC (O) O (CH 2 ) n Si (CH 3 ) (OCH 3 ) 2 , CH 3 C(H) (X)C(0)0(CH 2 ) n Si(CH3) (OCH 3 ) 2 , (CH 3 ) 2 C (X) C (0)0(0^)^1 (CH 3 ) 
(OCH 3 ) 2 , 

(in the above formulae, X represents a chlorine, bromine or iodine atom; n represents an integer of 0 to 20); 
XCH 2 C (O)O (CH 2 ) n O(CH 2 ) m Si (OCH 3 ) 3> H 3 CC(H) (X)C(0)0(CH 2 ) n O(CH 2 ) rn Si(OCH 3 ) 3l (H 3 C) 2 C (X)C (O)O(0H 2 ) n O 
(CH 2 ) m Si (OCH 3 ) 3 , CH 3 CH 2 C (H) (X) C (0)0(CH 2 ) n O(CH 2 ) m Si (OCH 3 ) 3 , XCH 2 C(0)0(CH 2 ) n O(CH 2 ) m Si(CH 3 ) 
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(OCH 3 ) 2l H 3 CC(H) (X)C(0)0(CH 2 ) n O(CH2) m -Si(CH 3 ) (OCH 3 ) 2> (H 3 C) 2 C (X)C(0)0(CH 2 ) n O(CH 2 ) m -Si(CH 3 ) (OCH 3 ) 2 , 
CH 3 CH 2 C(H) (X)C{0)0(CH 2 ) n O(CH 2 ) m .Si(CH 3 )(OCH 3 ) 2f 

(in the above formulae, X represents a chlorine, bromine or iodine atom; n represents an integer of 1 to 20; m represents 
an integer of 0 to 20); 

o, m, p-XCH 2 -C 6 H 4 -{CH 2 ) 2 Si(OCH 3 ) 3 , o, m, p-CH 3 C(H) (X)-C 6 H 4 -(CH 2 ) 2 SI(OCH 3 ) 3 , o, m, p-CH 3 CH 2 C(H) (X) 
<; 6 H 4 -(CH 2 ) 2 Si(OCH 3 ) 3 , o, m, p-XCHg-Cg^^CH^^iCOCH^s, o, m, p-CH 3 C(H) (X)-C 6 H 4 -(CH 2 ) 3 Si(OCH 3 ) 3 , o, m, 
p-CH 3 CH 2 C(H) (X)-C 6 H 4 -(CH 2 ) 3 Si(OCH 3 ) 3 , o, m, p-XCH 2 -C 6 H 4 -(CH2) 2 -0-(CH 2 ) 3 Si(OCH 3 ) 3f o, m, p-CH 3 C(H) (X) 
-C 6 H 4 -(CH 2 ) 2 -0-(CH 2 ) 3 Si(OCH 3 ) 3> o, m, p-CH 3 CH 2 C(H) (X)-C 6 H 4 -(CH 2 ) r O-(CH 2 ) 3 Si(OCH 3 ) 3 , o, m, p-XCH 2 -C 6 H 4 - 
0-<CH 2 ) 3 Si(OCH 3 ) 3 , o, m, p-CH 3 C(H) (X)^ 6 H 4 -O^Cr^) 3 Si(OCH 3 ) 3 , o, m, p-CH 3 CH 2 C(H) (X)-C 6 H 4 -0-(CH 2 ) 3 Si 
(OCH 3 ) 3f o, m, p-XCH 2 -C 6 H 4 -0-(CH 2 ) r O-(CH 2 ) 3 -Si (OCH^, o, m f p-CH 3 C(H) (X)<; 6 H 4 -0-(CH 2 VO-(CH 2 > 3 ~Si 
(OCH 3 ) 3< o, m, p-CH 3 CH 2 C (H) (X) -C 6 H 4 -0- (CH 2 ) 2 -0- (CH 2 ) 3 Si (OCH 3 ) 3l 
(in the above formulae, X represents a chlorine, bromine or Iodine atom) and the like. 

[0061 J As further examples of the crosslinklng silyl group-containing organohalogen compound, there may be men- 
tioned compounds having a structure represented by the general formula (5): 



wherein R 5 , R 6 , R 7 , R 9 , R 1 °, R 11 , R 12 , a, b, m, X and Y are as defined above. 
[0062] Specific examples of such compound are as follows: 

(CH 3 0) 3 SiCH 2 CH 2 C(H)(X)C 6 H 5 , (CH 3 0) 2 (CH 3 )SiCH 2 CH 2 C(H) (X)C 6 H S , (CH 3 0) 3 Si (CH 2 ) 2 C(H) (X) -C0 2 R, (CH 3 0) 2 
(CH 3 )Si(CH 2 ) 2 C(H) (X)-C0 2 R f (CH a O) 3 Si(CH 2 ) 3 C(H) (X)-C0 2 R, (CH 3 0) 2 (CH 3 )Si(CH 2 ) 3 C(H) (X)-C0 2 R, (CH a O) 3 Si 
(CH 2 ) 4 G(H) (X)-C0 2 R, (CH 3 0) 2 (CH 3 )Si(CH 2 ) 4 C(H) (X)-C0 2 R, (CH 3 0) 3 Si(CH 2 ) 9 C (H) (X) -C0 2 R, (CH^CCH^Si 
(CH 2 ) 9 C(H) (X) -C0 2 R, (CHaOJaSiCCHg^CfH) (X) -C 6 H 5 , (CH 3 0) 2 (CH 3 )Si(CH 2 ) 3 C(H) (X)-C 6 H 5 , (CH 3 0) 3 Si(CH 2 ) 4 C 
(H) (X)-C 6 H 5 , (CH 3 D) 2 (CH 3 ) SI (CH 2 ) 4 C (H) (X) -C 6 H 5 , 

(in the above formulae, X represents a chlorine, bromine or iodine atom; R represents an alkyl, aryl or aralkyi group 
containing up to 20 carbon atoms) and the like. 

[0063] The hydroxyl-containing organohalogen or sulfonyl halide compound is not particularly restricted but may be 
a compound of the formula: 
HO-(CH2) n -OC(0)C(H) (R) (X) 

wherein X represents a chlorine, bromine or iodine atom; R represents a hydrogen atom or an alkyl, aryl or aralkyi 
group containing up to 20 carbon atoms; n represents an Integer of 1 to 20. 

[0064] The amlno-containlng organohalogen or sulfonyl halide compound Is not particularly restricted but may be a 
compound of the formula: 
H 2 N-(CH 2 ) n -OC(0)C(H) (R) (X) 

wherein X represents a chlorine, bromine or iodine atom; R represents a hydrogen atom or an alkyl, aryl or aralkyi 
group containing up to 20 carbon atoms; n represents an integer of 1 to 20. 

[0065] The epoxy-containlng organohalogen or sulfonyl halide compound is not particularly restricted but may be a 
compound of the formula: 



wherein X is a chlorine, bromine or iodine atom; R represents a hydrogen atom or an alkyl, aryl or aralkyi group con- 
taining up to 20 carbon atoms; n represents an integer of 1 to 20. 

[0066] It is preferable to use an organohalogen or sulfonyl halide compound having 2 or more Initiation points as the 
Initiator to produce a polymer having 2 or more terminal structures of the invention per molecule. Specific examples are: 



(R 12 )3.a<Y) a SHOSi (R 11 ) 2 . b 00 b ] m -CH 2 -C(H) (R 5 )-R 9 -C(R 6 ) (X) -R 10 -R 7 



(5) 
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o,m,p- X— CH 2 -C 6 H 4 -CH 2 — -X 



I J I I 

CHj CHj 

(in the above formulae, C e H 4 stands for a phenylene group; X represents a chlorine, bromine or iodine atom) 

H. H CH3 CHj 
X— C (CH^-C X X— C {CH2) a -C X 



CO2R CO a R COjR COaR 



t t p ■ p 

X— C (CHdfl-C X X— C (CHzJw-C X 

COR COR COR COR 

(in the above formulae, R represents an alkyl, aryl or aralkyl group containing up to 20 carbon atoms; n represents an 
integer of 0 to 20; X represents a chlorine, bromine or iodine atom) 

CH3 CHj 

X— CHfc-c-CHz— X X— CH— C- 1 



-C-CHz— X X— CH— C— CH— X X— C C — C— X 

O CHj O CHj CHg O CHj 



CsHs CsHs 
X— CH-(CH2)„-CH— X 



(in the above formulae, X represents a chlorine, bromine or iodine atom; n represents an integer of 0 to 20) 



X — CH 2 ~C— O— (CH^'.O— C— CH*- X 



ps . ? p 

X— CH-C-O— (CHy„-0— C— CH-r-X 
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X — C C— O— (CH^„-0— C— C; X 

(in the above formulae, n represents an integer of 0 to 20; X represents a chlorine, bromine or iodine atom) 

CH 3 CH, 
X— CH 2 -C— C— CH 2 -X j I 

II fl X — CH — C C — CH — X 

o o 8 ii 

o o 

CH, CHa 
X — CH — C - — C — CH — X 

• !l ! I 

CH 3 O 0 CH3 



? f 

X — CH 2 ~C — O — CsH^ — O — C—CBg— X 



•w X — CH — C— O — C5H4 — O — C — CH — X 



CH S O 

ejnjr- x — C C— O — CfiHf 




t 

o.m.p- X — S0 2 -C 6 H 4 -S0 2 — X 
(in the above formulae, X represents a chlorine, bromine or iodine atom). 

[0067] The vinyl monomer for this polymerization reaction is not particularly restricted but any of the monomers 
mentioned hereinabove can be employed with advantage. 

[0068] The transition metal complex to be used as the polymerization catalyst is not particularly restricted but in- 
cludes, as preferred examples, transition metal complexes whose center metals belong to Group 7, 8, 9, 10 or 11 of 
the periodic table of the elements and, as more preferred species, complexes of zero-valence copper, univalent copper, 
bivalent ruthenium, bivalent Iron or bivalent nickel. Copper complexes are particularly preferred. As specific examples 
of the univalent copper compound, there may be mentioned cuprous chloride, cuprous bromide, cuprous Iodide, cu- 
prous cyanide, cuprous oxide and cuprous perchlorate. When a copper compound is used, a ligand, for example 2,2'- 
bipyridyl or a derivative thereof, 1 ,1 0-phenanthroline or a derivative thereof, or a polyamine such as tetramethylethyl- 
enediamine, pentamethyldiethylenetriamine or hexamethyitris (2-aminoethyi)arnlne, is added for improving catalytic 
activity.. The tristriphenylphosphine complex of bivalent ruthenium chloride (RuCyPPha^) is also suited for use as a 
catalyst. When a ruthenium compound is used as the catalyst, an aluminum alkoxide is added as an activator. Further, 
the bistriphenyf phosphine complex of bivalent iron (FeCyPPhafe), the bistriphenylphosphine complex of bivalent nickel 
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(NiCI 2 (FPh 3 )2) and the bistributylphosphlne complex of bivalent nickel (NIBr 2 (PBu 3 ) 2 ) are also suited as catalysts. 
[0069] The polymerization can be carried out In the absence of a solvent or in any of various solvent. As the solvents, 
there may be mentioned hydrocarbon solvents such as benzene and toluene; ether solvents such as diethyl ether and 
tetrahydrofuran; halogenated hydrocarbon solvents such as methylene chloride and chloroform; ketone solvents such. 

s as acetone, methyl ethyl ketone and methyl isobuty! ketone; alcohol solvents such as methanol, ethanol, propanol, 
isopropyl alcohol, n-butyl alcohol and tert-butyl alcohol; nitrile solvents such as acetonitrile, propionltrile and benzoni- 
triie; ester solvents such as ethyl acetate and butyl acetate; carbonate solvents such as ethylene carbonate and pro- 
pylene carbonate; and so on. These may be used singly or two or more of them may be used In admixture. The 
polymerization can be carried out within the temperature range of 0 °C to 200 °C, preferably 50 to 150 °C, although 

10 such range is not critical. 

<Crosslinking sllyl group> 
Crosslinklng sllyl group 

15 

[0070] The crosslinklng silyl group of the vinyl polymer (A1 ) Includes those represented by the general formula (1 ): 

-[Si(R 1 ) 2 . b {Y) b O] m -Si(R 2 )3. a (Y) a (1) 

20 

wherein R 1 and R 2 each represents a C 1p20 alkyl, C 6 . 20 aryl or C 7 . 20 aralkyl group or a triorganosiloxy group represented 
by (R^SiO- (where each R' represents aC 1 . 2 o univalent hydrocarbon group and the three R' groups maybe the same 
or different) and, when there are a plurality of R 1 or R 2 groups, they may be the same or different; Y represents a 
hydroxy! group or a hydrolyzable group and, when two or m ore Y groups are present, they may be the same or different; 
25 a represents an Integer of 0, 1 , 2 or 3, b represents an Integer of 0,1 or 2 and m represents an integer of 0 to 1 9 on 
condition that the relation a +■ mb £ 1 should be satisfied. 

[0071] The hydrolyzable group maybe any of those known in the art and it includes hydrogen, alkoxy, acyloxy, ke- 
toximato, amino, amido, aminoxy, mercapto and alkenyloxy. Among these, alkoxy, amido and aminoxy are preferred. 
For assuring hydrolyzability under mild conditions and ease of handling, alkoxy groups are particularly preferred. 
so [0072] Each silicon atom may have 1 to 3 such hydrolyzable and/or hydroxyl groups, and (a + Zb) is preferably within 
the range of 1 to 5. When two or more hydrolyzable groups and/or hydroxyl groups are contained In the crosslinklng 
sllyl group, they may the same or different. The crosslinklng silyl group is comprised of one or more silicon atoms and, 
In the case of silicon atoms connected by siloxane bonding, the number of silicon atoms Is preferably up to 20 at the 
maximum. From availability points of view, crosslinklng silyl groups represented by the general formula (6) are preferred: 

35 

-Si(R 12 ) 3 . a (Y) a (6) 

wherein R 12 , Y and a are as defined above. 

40 

Number of crosslinking silyl groups 

[0073] The crosslinking silyl group of the general formula (1) occurs in the number of at least one on the average 
per molecule of the polymer (A1). If the average number of crosslinking silyl groups is less than one per molecule, a 
45 sufficiently cured product will not be obtained. In order to provide a fully cured product, the crosslinking silyl group of 
the general formula (1) should be available in the average number of 1 .1 to 5, preferably 1 .2 to 4, more preferably 1.3 
to 3, per molecule of the polymer. 

Position of the crosslinking silyl group 

so 

[0074] When the curable composition of the invention is required to give a cured product having rubber-like properties 
in particular, it is preferable that said at least one crosslinking silyl group is present at the molecular chain terminus, 
for the molecular mass between crosslinking points, which has considerable bearings on rubber elasticity, can then be 
large. More preferably, all crosslinking silyl groups are located at molecular chain termini. 
55 [0075] The technology of producing a vinyl polymer having at least one crosslinking silyl group at the molecular chain 
terminus, particularly such a (meth)acrylic polymer, is described in Japanese Kokoku Publication Hei-3-14068, Japa- 
nese Kokoku Publication Hei-4-55444 and Japanese Kokai Publication Hei-6-21 1 922. However, since these are invar- 
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lably free radical polymerization processes utilizing said "chain transfer agent tech nique\the resulting polymer contains 
crosslinking silyl groups at its termini at a fairly high rate but has the drawback that the molecular weight distribution 
value, represented by Mw/Mn, is as large as 2 or more and, hence, the viscosity of the polymer is high. Therefore, in 
order to provide a vlnyi polymer having a small molecular weight distribution value, hence a low viscosity value, and, 
yet, crosslinking silyl groups at Its termini at a fairly high rate, the "living radical polymerization technique" mentioned 
hereinbefore is preferably employed. 

<Method of introducing a crosslinking silyl group> 

[0076] The technology of introducing a functional group Into the vinyl polymer Includes but is not limited to the fol- 
lowing methods. 

[A] The method which comprises adding a hydrosilane compound having acrosslinking silyl group to a vinyl polymer 
having at least one alkenyl group In the presence of a hydrosllylatlon catalyst. 

[B] The method which comprises reacting a vinyl polymer having at least one hydroxy! group with a compound 
having both a crosslinking sllyi group and afunctional group capable of reacting with the hydroxy! group, for example 
an Isocyanato group. 

[C] The method which comprises subjecting to reaction of a compound having both a polymerlzable alkenyl group 
and a crosslinking silyl group, together with a predetermined vinyl monomer, in synthesizing a vinyl polymer by 
radical polymerization. 

[D] The method which comprises subjecting a vinyl monomer to radical polymerization using a crosslinking silyl 
group-containing chain transfer agent. 

[E] The method which comprises reacting a vlny! polymer having at least one highly reactive carbon-halogen bond 
with a stable, crosslinking silyl group-containing carbanion. 

[0077] The method of producing the vinyl polymer having at least one alkenyl group which is to be used in the above 
production method [A] includes but is not limited to the following methods [A-a] to [A-J]. 

[A-a] The method which comprises subjecting a compound having a polymerizable alkenyl group and a sparingly 
polymerizable alkenyl group, e.g. a compound of the general formula (7) , together with a predetermined vinyl monomer, 
to reaction in synthesizing a vinyl polymer by radical, polymerization. 

H 2 C=C(R 3 )-R 4 -R 5 -C(R 6 )=CH 2 (7) 

wherein R 3 represents a hydrogen atom or methyl group; R+ represents -C(0)0- or an o- f m- or p-phenylene group; 
R 5 represents a direct bond or a C^o bivalent organic group which may optionally contain one or more ether linkages; 
R 6 represents a hydrogen atom, a O,. 10 alkyl group, Ce_ 10 aryl group or C^q aralkyl group. 

[0078] The timing of reacting said compound having both a polymerizable alkenyl group and a sparingly polymeriz- 
able alkenyl group is not particularly restricted but, when rubber-like properties are expected of the obtained crosslin ked 
product, this compound is preferably reacted, as a second monomer, at a terminal stage of polymerization or after 
completion of the reaction of the vinyl monomer. 

[A-b] The method In which, in synthesizing a vinyl polymer by living radical polymerization, a compound having at least 
2 sparingly polymerizable alkenyl groups, such as 1 ,5-hexadiene, 1 ,7-octadiene or 1 ,9-decadiene, is reacted at a 
terminal stage of polymerization or after completion of the reaction of the vinyl monomer. 

[0079] The following methods [A-c]~-[A-f] can be used for producing a vinyl polymer having at least one alkenyl group 
from a vinyl polymer having at least one highly reactive carbon-halogen bond. The above polymer having at least one 
highly reactive carbon-halogen bond can be prepared by the processes [E-a] and [E-b] to be described hereinafter. 
[A-c] The method which comprises reacting a vinyl polymer having at least one highly reactive carbon-halogen bond 
with an organometal compound having an alkenyl group, typically represented by organotin compounds such as aJlyl- 
tributyltin, allyltrioctyltin, etc., to substitute an alkenyt-containing substituent for the halogen. 

[A-d] The method which comprises reacting a vinyl polymer having at least one highly reactive carbon-halogen bond 
with a stabilized carbanion having an alkenyl group, which may for example be represented by the general formula 
(8), to substitute an alkenyl group for the halogen. 

M + C"(R 7 ) (R 8 )-R 9 -C(R 6 )==CH 2 (8) 
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(wherein R 6 is as defined above; R 7 and R s each represents an electron-withdrawing group which stabilizes the car- 
banion C - or one of these represents said electron-withdrawing group with the other being hydrogen, an alkyl group 
containing 1 to 1 0 carbon atoms or a phenyl group; R 9 represents a direct bond or a C 1 . 10 bivalent organic group which 
may contain one or more ether linkages; represents an alkali metal ion or a quaternary ammonium ion). As the 
electron-withdrawing group for R 7 and R a , a group represented by the formula -C0 2 R, -C(0)R or -CN is particularly 
preferred. In the above formula, R represents hydrogen or an alkyl containing 1 to 1 0 carbon atoms, an aryi containing 
6 to 1 0 carbon atoms or an aralkyl group containing 7 to 10 carbon atoms. 

[A-e] The method which comprises permitting an elemental metal, e.g. zinc, or an organometal compound to act upon 
a vinyl polymer having at least one highly reactive carbon-halogen bond to prepare an enolate anion and, then, reacting 
It with an electrophilic compound having an alkenyl group, such as an alkenyl-containlng compound having a leaving 
group, e.g. halogen or acetyl, a carbonyl compound having an alkenyl group, an isocyanate compound having an 
alkenyl group or an acid halide having an alkenyl group. 

[A-f] The method which comprises reacting a vinyl polymer having at least one highly reactive carbon-halogen bond 
with an alkenyl-contalnlng oxyanlon, such as the one represented by the general formula (9) , or an alkenyl-containlng 
carboxylate anion, such as the one represented by the general formula (1 0), to substitute an alkenyl-containlng sub- 
stltuent for the halogen. 



(wherein R € and M + are as defined above; R 10 represents a O,_2o bivalent organic group which may contain one or 
more ether linkages) 



(wherein R 6 and M + are as defined above; R 11 represents a direct bond or a C^ m2 o bivaient organic group which may 
contain one or more ether linkages) 

[0080] The vinyl polymer having at least one alkenyl group can also be produced from a vinyl polymer having at least 
one hydroxyl group. The specific method is not particularly restricted but includes the following methods [A-g] to [A-jJ, 
among others. The starting vinyl polymer having at least one hydroxyl group can be prepared by the methods [B-a] to 
[B-Q to be described hereinafter. 

[A-g] The method which comprises permitting a base, such as sodium hydroxide, sodium methoxide, etc., to act on a 
vinyl polymer having at least one hydroxyl group and then reacting the same with an alkenyl-containing halide such 
as ally! chloride; 

[A-h] The method which comprises reacting an alkenyl-containing isocyanate compound, such as ally! isocyanate or 
the like, with a vinyl polymer having at least one hydroxyl group; [A-i] The method which comprises reacting an alkenyl- 
containing acid halide, such as (meth)acryloyl chloride, with a vinyl polymer having at least one hydroxyl group in the 
presence of a base such as pyridine; and 

[A-j] The method which comprises reacting an alkenyl-containing carboxylic acid, such as acrylic acid, with a vinyl 
polymer having at least one hydroxyl group in the presence of an acid catalyst. 

[0081] Referring to the synthesis of said vinyl polymer having at least one alkenyl group, when a halogen is not 
directly involved in the introduction of the alkenyl group as in the methods [A-a] and [A-b], it is preferable to use the 
living radical polymerization technique. Between the above methods, the method [A-b] is preferred in view of the relative 
ease of control. Among variations of living radical polymerization, atom transfer radical polymerization is preferred. 
[0082] When an alkenyl group is to be introduced by converting the halogen group of a vinyl polymer having at least 
one highly reactive carbon-halogen bond as in the methods [A-c] to [A-f], it is preferable to use a vinyl polymer having 
at least one highly reactive terminal carbon-halogen bond as obtained by a radical polymerization (atom transfer radical 
polymerization) using an organohalogen compound or a sulfonyl halide as the initiator and a transition metal complex 
as the catalyst. More preferred is the method [A-f] in consideration of the ease of control. 

[0083] The hydrosilane compound having a crosslinking siryl group for use in the above synthetic method [A] is not 
particularly restricted but includes compounds represented by the following general formula (11), among others. 



H 2 C=C(R 6 )-R 10 -O*M + 



(9) 



H 2 C=C(R 6 )-R 11 -C(0)0"M + 



(10) 



H-[SI(R 1 ) 2 ^(Y) b OI m -Si(R 2 ) 3 ^(Y) a 



(11) 



wherein R 1 , R 2 , a, b, m and Y are as defined hereinbefore. 
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[0084] Among these compounds, compounds of the following general formula (12) are preferred from availability 
points of view. 

H-Si(R 2 )3_ a (Y) a (12) 

wherein R 2 , Y and a are as defined above. 

[0065] In adding said hydrosilane compound having a crossllnklng siiyl group to the alkenyl group of said polymer 
In said synthetic method [A], a transition metal complex catalyst is generally used as the hydrosilylation catalyst. 
[0086] The transition metal catalyst mentioned above is not particularly restricted but includes, among others, plat- 
inum metal and a dispersion of solid platinum in a matrix such as alumina, silica, carbon black orthe like; chloroplatinic 
acid; a complex of chloroplatinic acid with an alcohol, aldehyde or ketone; platinum-olefin complexes and platinum(O)- 
divinyltetramethyldisiloxane complex; and compounds other than platinum compounds, such as RhCI (FPh 3 ) 3 , RhCI 3 , 
RuCI 3l lrCI 3l FeCI 3 , AICf 3 , PdCI 2 -H 2 0, NICI 2 and TiCI^ among others. These catalysts can be used Independently or 
two or more of them may be used in a combination of two or more thereof. 

[0087] The method of synthes izing said vinyl polymer having at least one hydroxy! group for use in the above synthetic 
method [B] and further in the above methods [A-g] to [A-j] is not particularly restricted but includes the following methods 
[B-a] to [B-IJ. 

[B-a] The method in which, in synthesizing a vinyl polymer by radical polymerization, a compound having both a po- 
lymerizable alkenyl group and a hydroxy! group, such as the compound represented by the following general formula 
(13), is reacted along with the predetermined vinyl monomer. 

H 2 C=C(R 3 )-R 4 -R 5 -OH (13) 

(wherein R 3 , R 4 and R 5 are as defined above) 

[0088] The timing of reacting said compound having both a polymerizable alkenyl group and a hydroxy! group is not 
particularly restricted but, when rubber-like properties are expected of the crosslinked product obtainable by. living 
radical polymerization, this compound is preferably reacted, as a second monomer, at a terminal stage of polymerization 
or after completion of the reaction of said predetermined vinyl monomer. 

[B-b] The method in which, in synthesizing a vinyl polymer by living radical polymerization, an alkeny (alcohol such as 
10-undecenol, 5-hexenoI or allyl alcohol is reacted at a terminal stage of polymerization or after completion of the 
reaction of the predetermined monomer. 

[B-c] The method for radical polymerization of a vinyl monomer, as described in Japanese Kokai Publication Hei- 
5-262808, which comprises using a hydroxyl-containing chain transfer agent, such as a hydroxyl-containing polysulfide, 
in a large quantity. 

[B-d] The method for radical polymerization of a vinyl monomer which comprises using hydrogen peroxide or a hydroxyl- 
containing initiator as described in Japanese Kokai Publication Hei-6-239912 and Japanese Kokai Publication Hei- 
8-28331 0, for instance. 

[B-e] The method for radical polymerization of a vinyl monomer which comprises using an alcohol in excess as de- 
scribed in Japanese Kokai Publication Hei-6-116312. 

[B-f\ The method which comprises hydrolyzing the halogen of a vinyl polymer containing at least one highly reactive, 
carbon-halogen bond or reacting it with a hydroxyl-containing compound to introduce a hydroxyl group into the polymer 
terminus as described in Japanese Kokai Publication Hei-4-1 32706. 

[B-g] The method which comprises reacting a vinyl polymer having at least one highly reactive carbon-halogen bond 
with a hydroxyl-containing stabilized carbanion, such as the one represented by the following general formula (14), to 
substitute a hydroxyl-containing substituent for the halogen. 

M + C" (R 7 ) (R^-F^-OH (14) 

(wherein R 7 f R a and R 9 . are as defined above) . As the electron-withdrawing groups for R 7 and R a , -C0 2 R, -C(0)R 
and -CN are preferred. In the above formulas, R is as defined above. 

[B-h] The method which comprises permitting an elemental metal, e.g. zinc, or an organometal compound to act on a 
vinyl polymer having at least one highly reactive carbon -halogen bond to prepare an enolate anion and then reacting 
it with an aldehyde or a ketone. 

[B-0 The method which comprises reacting a vinyl polymer having at least one highly reactive carbon-halogen bond 
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with a hydroxyl-containing oxyanion, such as the one represented by the general formula (15) , or a hydroxyl-containing 
carboxylate anion, such as the one represented by the general formula (1 6), to substitute a hydroxyl-containing sub- 
stituent for the halogen. 

HO-R 10 -O"M + (15) 

(wherein R 10 and M + are both as defined above) 

HO-R 11 -C(0)0"M + (16) 



(wherein R 11 and M + are both as defined above) 

[0089] Referring to the synthesis of said vinyl polymer having at least one hydroxyl group, when a halogen is not 
15 directly involved in the Introduction of a hydroxyl group as in the above methods [B-a] to [B-e], the living radical po- 
lymerization technique is preferred. In consideration of the ease of control, the method [B-b] Is preferred. Among var- 
iations of living radical polymerization, atom transfer radical polymerization is preferred. 

[0090] When the halogen of a vinyl polymer having at least one highly reactive carbon-halogen bond is to be con- 
vertedforthe introduction of a hydroxy group as In the above methods [B-f] to [B-i], it is preferable to use a vinyl polymer 
having at least one highly reactive carbon-halogen bond at the terminus which has been obtained by the radical po- 
lymerization (atom transfer radical polymerization) using an organohalogen or suifonyl halide compound as the Initiator 
and a transition metal complex as the catalyst. In consideration of the ease of control, the method [B-i] Is still more 
preferred. 

[0091] The compound having both a crosslinking silyl group and an isocyanato or other functional group capable of 
reacting with a hydroxyl group which is to be used in the above production method [B] is not particularly restricted but 
Includes, among others, f-isocyanatopropyltrimethoxysilane, >Msocyanatopropylmethyldimethoxysilane and y-isocy- 
anatopropyltriethoxysilane. These may be used singly or two or more of them may be used combinedly. 
[0092] In carrying out the reaction according to the above production method [B], a urethane formation reaction 
catalyst known in the art may be used. 

[0093] The compound having both a polymerizable alkenyl group and a crosslinking silyl group to be used In the 
above production method [C] is not particularly restricted but Includes, among others, compounds represented by the 
general formula (17) shown below, for example trlmethoxysiiyipropyl (meth)acrylate and methyldlmethoxysitylpropyl 
(meth) acryiate: 



H 2 C=C(R 3 )-R 4 -R 12 -[Si(R 1 ) 2 . b (Y) b O] m -Si(R 2 ) 3 . a (Y) a (17) 

wherein R 1 , R 2 , R 3 , R 4 , Y, a, b and m are as defined above; R 12 represents a direct bond or a C-^o bivalent organic 
group optionally containing one or more ether linkages. These may be used singly or two or more of them may be used 
in combination. 

[0094] In the above synthetic method [C], the timing of reacting said compound having both a polymerizable alkenyl 
group and a crosslinking silyl group is not particularly restricted but, when rubber-like properties are expected of the 
crosslinked product obtained by living radical polymerization, this compound is preferably reacted, as a second mon- 
omer, at a terminal stage of polymerization or after completion of the reaction of the predetermined vinyl monomer. 
[0095] The chain transfer agent having a crosslinking silyl group for use in the above synthetic method [D] is not 
particularly restricted but includes crosslinking silyl group-containing mercaptan compounds and hydrosilane com- 
pounds having a crosslinking silyl group as disclosed In Japanese Kokoku Publication Hel-3-14068 and Japanese 
Kokoku Publication Hei-4-55444, among others. 

[0096] In the radical polymerization of a vinyl monomer, by reacting a compound having both a polymerizable alkenyl 
group and a crosslinking silyl group as represented by the above general formula (17) along with a crosslinking silyl 
group-containing chain transfer agent and the predetermined vinyl monomer, the amount of the crosslinking silyl group 
Introduced can be controlled as desired. Furthermore, in order to enhance the rate of Introduction of the crosslinking 
silyl group, a radical initiator having the crosslinking silyl group can also be used in combination. 
[0097] The method of synthesizing the vinyl polymer having at least one highly reactive carbon -halogen bond for 
use in the above synthetic method [E] and further in the above methods [A-c] to [A-f] and [B-f] to [B-i] is not particularly 
restricted but includes the following processes [E-a] and [E-b], 

[E-a] A radical polymerization process which, as described in, inter alia , Japanese Kokai Publication Hei-4-132706, 
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comprises using a halogen compound, such as carbon tetrachloride, ethylene chloride, carbon tetrabromide, methylene 
bromide or the like, as the chain transfer agent (chain transfer agent technique). 

[E-b] An atom transfer radical polymerization process which comprises using an organo halogen compound orasulfonyf 
halide compound as the initiator and a transition metal complex as the catalyst. 

[Q098] The crosslinking sllyl group-containing stabilized carbanion for use in the above synthetic method [E] is not 
particularly restricted but includes compounds represented by the following general formula (18), among others. 

M + C(R 7 )(RVR 13 -C(^^ (18) 

wherein R 1 , R 2 , R 7 , R 8 , Y, a, b and m are respectively as defined hereinbefore; R 13 represents a direct bond or a 
bivalent organic group of 1 to 20 carbon atoms which may optionally contain one or more ether linkages; R 14 represents 
a hydrogen atom, an alkyl group containing 1 to 10 carbon atoms, an aryi group containing 6 to 10 carbon atoms or 
an aralkyl group containing 7 to 1 0 carbon atoms; R 7 and R e each represents an electron-withdrawing group which is 
preferably -CQ 2 R, -C(0)R or -CN, where R has the same meaning as defined hereinbefore. 

[0099] When the curable composition according to the first aspect of the invention is required to give a cured product 
having rubber-like properties in particular, it is preferable that at least one crosslinking siiyl group is present at the 
molecular chain terminus, for the molecular mass between crosslinking points, which has considerable bearings on 
rubber elasticity, can then be large. More preferably, all crosslinking sllyl groups are located at molecular chain termini. 
[0100] The technology of producing a vinyl polymer having at least one crosslinking sllyl group at the molecular chain 
terminus, particularly such a (meth)acrylic polymer, is described in, Japanese Kokoku Publication Hei-3 -14068, Jap- 
anese Kokoku Publication Hei-4-55444 and Japanese Kokai Publication Hei-6-211922. However, since these are in- 
variably free radical polymerization processes utilizing said "chain transfer agent technique", the resulting polymer 
contains crosslinking silyl groups at molecular chain termini at a fairly high rate but has the drawback that the molecular 
weight distribution value, represented by Mw/Mn, is as large as 2 or more and, hence, the viscosity of the polymer is 
high. Therefore, in order to provide a vinyl polymer having a small molecular weight distribution value, hence a low 
viscosity value, and, yet, a high proportion of crosslinking silyl groups at molecular chain termini, the "living radical 
polymerization technique" mentioned hereinbefore is preferably employed. 

[0101] Therefore, the vinyl polymer having at least one hydroxyl, halogen or alkenyl group for use in synthesizing 
said vinyl polymer having at least one crosslinking silyl group preferably has such a functional group at a molecular 
chain terminus. 

[0102] To produce a vinyl polymer having at least one said crosslinking sllyl group at the molecular chain terminus 
by the "atom transfer radical polymerization technique" which Is the preferred variation of the "living radical polymeri- 
zation" method, the initiator to be used is preferably an organohalogen or sulfonyl halide compou nd having two or more 
initiation points. The resulting vinyl polymer having at least one highly reactive carbon-halogen bond at the molecular 
chain terminus can be easily converted to the corresponding vinyl polymer having at least one Said crosslinking silyl 
group at the molecular chain terminus. 

[0103] An organohalogen or sulfonyl halide compound having two or more initiation sites is not particularly restricted 
but includes the following compounds, among others. 

o-, m- or p-XCH 2 -C s H 4 -CH 2 X, o-, m- or p-CH 3 C(H) (X)-C B H 4 -C(H) (X)CH 3 , o-, m- or p-<CH 3 ) 2 C(X)-C 6 H 4 -C(X) (CH 3 ) 2 
(in the above formulae, C 6 H 4 stands for a phenylene group; X represents a chlorine, bromine or iodine atom), 
ROaC-C (H) (X) - (CH 2 ) n -C (H) (X) -C0 2 R, R0 2 C-C (CH 3 ) (X) - (CH 2 ) n -C(CH 3 ) (X)-C0 2 R, RC<0)-C(H) {X)-(CHg) n -C 
(H) (X)-C(Q)R, RC(0)-C(CH 3 ) (XMCH^rf C(CHa) (X)-C(0)R 

(in the above formulae, R represents an alkyl, aryi, or aralkyl group containing up to 20 carbon atoms, n represents 
an integer of 0 to 20; X represents a chlorine, bromine or iodine atom), 

XCH 2 -C(0)-CH2X, H 3 C-C(H) (X)-C(0)-C(H) pQ-CH^ (H3C)2C(X)-C(0)-C(X) <CH 3 ) 2 , C 6 H S C(H) (X)-(CH 2 ) n -C(H) (X) 
C 6 H 5 

(in the above formulae, X represents a chlorine, bromine or iodine atom; n represents an Integer of 0 to 20), 
XCHgCOa-fCHaJn-OCOCrVC, CH 3 C(H) (X) C0 2 -(CH 2 ) n -OCOC (H) (X)CH 3 , (Ch^C (X) C0 2 - (CH 2 ) n -OCOC (X) 
(CH a ) 2 

(in the above formulae, n represents an integer of 1 to 20), 

XCH^O^^CHaX, CH 3 C(H) (X)C(0)C(0)C(H) (X)CH 3 , (CH 3 ) 2 C(X)C(0)C(0)C<X) (CH^, o-, m- or 
p-XCH 2 C0 2 <? 6 H 4 -OCOCH 2 X, o-, m- or p-CH 3 C (H) (X) C0 2 -C s H 4 -OCOC(H) (X) CH 3 , o-, m- or p-fCH^gCfX) 
COa-CsH^OCOC^XXCHak o- f m- or p-XS0 2 -C 6 H 4 -S0 2 X 

(in the above formulae, X represents a chlorine, bromine or iodine atom). These compounds can be used each Inde- 
pendently or In a combination of two or more thereof. 

[0104] For the production of a vinyl polymer having a crosslinking sllyl group at both molecular chain termini, not 
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only the above-mentioned method using an organohalogen or sulfonyl hallde compound having two Initiation points 
as the initiator according to said atom transfer radical polymerization technique but also the method using an organo- 
halogen compound containing a crossllnking silyl group (synthetic method [F]) can be used with advantage. 
[0105] The above organohalogen having a crosslinking sllyi group is not particularly restricted but includes com- 
5 pounds represented by the following general formulas (19) and (20), among others. 

R 1 V 6 C(X)-R 17 -R 18 -C(H) (R 19 )CH 2 -[Si(R 1 ) 2 ^CY) b O] m -Si (R 2 ) ^ (Y) a (1 9) 

10 (wherein R 1 , R 2 , a, b, m, X and Y are as defined above; R 15 and R 16 may be the same or different and each represents 
a hydrogen atom, an alkyl group containing 1 to 20 carbon atoms, an aryl group containing 6 to 20 carbon atoms or 
an aralkyl group containing 7 to 20 carbon atoms; R 15 and R* 16 may be linked to each other at the respective free 
termini; R 17 represents-C(0)0- t -C(O)-, or an o- f m- or p-phenyiene group; R 18 represents a direct bond or a bivalent 
organic group of 1 to 10 carbon atoms which may optionally contain one or more ether linkages; R 19 represents a 

15 hydrogen atom, an alky! group containing 1 to 1 0 carbon atoms, an aryl group containing 6 to 10 carbon atoms or an 
aralkyi group containing 7 to 1 0 carbon atoms. 

(R 2 ) 3 . a W a Si{OSi(RV b W (20) 

20 

(wherein R 1 , R« R 15 , R1« R 17 , R 1S , R 19 , a, b, m, X and Y are as defined above) 

[0106] When the "atom transfer radical polymerization" reaction is carried out using the above-mentioned organo- 
halogen having a crosslinking silyl group as the initiator, there is obtained a vinyl polymer having the crosslinking silyl 
group at one terminus and the highly reactive carbon-halogen bond at the other terminus. By converting the terminal 
25 halogen atom of this vinyl polymer to a crosslinking silyl-containing substituent group, for example by the technique 
described above, there can be obtained a vinyl polymer having the crosslinking silyl group at both molecular chain 
termini. 

[0107] The above vinyl polymer having crosslinking silyl groups at both termini can also be produced by causing the 
halogen atoms of said vinyl polymer to undergo mutual coupling using a compound having at least two same or different 
30 functional groups substitutable for the halogen atoms at said termini. 

[0108] The abovecompound having at least two functional groups, same or different, which are substitutable for the 
halogen atoms at said termini is not particularly restricted but includes polyols, polyamines, polycarboxylic acids, pol- 
ythiois and salts thereof, alkali metal sulfides; and so forth. 

[0109] Further, when an organohalogen compound containing an alkenyl group is used as the initiator in said "atom 
35 transfer radical polymerization", there is obtained a vinyl polymer having the alkenyl group at one molecular chain 
terminus and the halogen atom at the other terminus. By converting the terminal halogen atom of this vinyl polymer to 
an alkenyl group-containing substituent by the technique described hereinbefore, there can be obtained a vinyl polymer 
having the alkenyl group at both molecular chain term in i. By con verting these alkenyl groups to crosslinking silyl groups, 
for example by the technique described hereinbefore, there can be obtained a vinyl polymer having the crosslinking 
40 silyl group at both molecular chain termini. 

[01 1 0] While the vinyl polymer having at least one said crosslinking silyl group at the molecular chain terminus may 
be obtained by an arbitrary combination of the processes described hereinbefore, the following synthetic processes A 
and B can be mentioned as typical processes. 

45 Synthetic process A 

[01 1 1 ] This process comprises 

(1) a step of polymerizing a vinyl monomer by an atom transfer radical polymerization technique to synthesize a 
50 halogen-terminated vinyl polymer, 

(2) a step of reacting the halogen-terminated vinyl polymer obtained in the above step (1) with an alkenyl group- 
containing oxyanion to effect substitution for the halogen and thereby synthesize an alkenyl-terminated vinyl pol- 
ymer and 

(3) a step of adding a hydrosilane compound having a crosslinking silyl group represented by the general formula 
55 (1) to the terminal alkenyl group of the alkenyl-terminated vinyl polymer obtained in the above step (2) to effect 

conversion to a substituent containing said crosslinking silyl group. 
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Synthetic process B 

[0112] This process comprises 

(1) a step of polymerizing a vinyl monomer by said living radical polymerization techniqueto prepare a vinyl polymer, 

(2) a step of reacting the polymer further with a compound having at least two sparingly polymerizable (low-po- 
lymerizability) alkeny! groups to synthesize an alkenyl-terminated vinyl polymer, and 

(3) a step of adding a hydrosilane compound having a crosslinking silyl group represented by the general formula 
(1) to the terminal alkeny! group of the alkenyl-terminated vinyl polymer obtained in the above step (2) to effect 
conversion to a substituent containing said crosslinking silyl group. 

[Photocurable substance as (B) component] 

[0113] The photocurable substance for use as said (B) component used In the first aspect of the Invention Is a 
substance which, when exposed to light, undergoes chemical change In molecular structure, hence physical changes 
such as curing, in a short period of time. While the photocurable substance (B) in the first aspect of the Invention may 
cure on exposure to light, a representative example Is a substance which can be cured by allowing it to stand In a sunlit 
Interior environment (near a window) at room temperature for one day. As compounds of this type, many organic 
monomers, oligomers, resins and compositions containing any of them are known. Thus, unsaturated acrylic com- 
pounds, polyvinyl cinnamate) compounds and azido resins, among others, can be mentioned by way of example. 
[0114] The unsaturated acrylic compounds mentioned above include monomers having an unsaturated group rep- 
resented by the following general formula (21), the corresponding oligomers, and mixtures thereof. 

CH 2 =CHR 6 CO(0)- (21) 

wherein R s is as defined hereinbefore. 

[0115] More particularly, the unsaturated acrylic compounds include (meth)acryKc esters of low molecular alcohols 
such as ethylene glycol, glycerol, trimethylolpropane, pentaerythritol, neopentyl alcohol, etc.; (meth)acryiic esters of 
alcohols obtainable by the modification of blsphenol A, acids such as isocyanurlc acid, or said low molecular alcohols 
with ethylene oxide or propylene oxide; (meth)acrylic esters of polyether polyois each comprising a polyether as its 
main chain and having a hydroxyl group at its terminus, polymer polyois obtainable by radical polymerization of a vinyl 
monomer in a polyol having a polyether as its main chain, polyester polyois each comprising a polyester as its main 
chain and having a hydroxyl group at its terminus, or polyois each having a main chain comprised of a vinyl or (meth) 
acrylic polymer and a hydroxyl group within said main chain; epoxy acrylate oligomers each obtainable by reacting 
blsphenol A or a novolac epoxy resin with (meth)acrylic acid; and urethane acrylate oligomers each having a urethane 
bond and a (meth)acryiate group within the molecular chain as obtainable by the reaction of a polyol, a polyisocyanate 
and a hydroxy l-containing (meth)acrylate, for Instance. 

[01 16] The polyvinyl cinnamate) compounds are photosensitive resins containing a cinnamoyi group as the photo- 
reactive group and include poly (vinyl alcohol) cinnamate and many derivatives of polyvinyl cinnamate). 
[0117] The azido resin is known as photosensitive resin containing an azido group as the photoreactive group and 
generally includes not only rubber photosensitive liquids supplemented with azide compounds as photosensitive agents 
but also the resins described in "Photosensitive Resin" (Printing Society Press (March 17, 1972), p. 93 etseq., 106 to 
1 1 7 et seq,). These can be used each independently or in admixture, or where necessary even with a sensitizer added. 
[01 18] Among the photocurable substances mentioned for the (B) component, unsaturated acrylic compounds are 
preferred from the standpoint of ease of handling. 

[01 19] The photocurable substance (B) is added preferably in a proportion of 0.01 to 20 weight parts based on 1 00 
weight parts of said vinyl polymer having a crosslinking silyl group (A1). At any addition amount below 0.01 weight 
part, the effect of addition is small. If the amount of 20 weight parts is exceeded, physical properties tend to be adversely 
affected. There are cases in which the effect is potentiated when a sensitizer, such as a ketone and a nitro compound, 
and/or a promoter, such as an amine, is added. 

[Optional components] 

[0120] in the curable composition according to the first aspect of the Invention, a curing catalyst or a curing agent Is 
sometimes required. Moreover, according to the desired physical properties, various auxiliary agents may be formu- 
lated. 
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<Curing catalyst/curing agent> 

[0121] The crosslinking silyl group-containing polymer crosslinks and cures as It undergoes siloxane bonding in the 
presence or absence of one of the various known condensation catalysts. As regards the properties of the cured 
product, a broad spectrum of products ranging from a rubbery product to a resinous product can be liberaliy produced 
by designing the molecular weight and backbone structure of the polymer Judiciously. 

[0122] The condensation catalyst which can be used includes various known silanol condensation catalysts, for 
example tetravalent tin compounds such as dibutyltin dilaurate, dibutyitin diacetate, dibutyltin diethyihexanolate, dib- 
utyltin dioctoate, dibutyltin di(methyl maleate), dibutyltin di(ethyi maleate), dibutyltin di(butyi maleate), dibutyltin di(iso- 
octyl maleate), dibutyltin di(tridecyl maleate), dibutyltin di(benzyl maleate), dibutyltin maleate, dioctyltin diacetate, di- 
octyltin distearate, dioctyltin dilaurate, dioctyltin di(ethyl maleate) and dioctyltin di(isooctyl maleate) ; titanic acid esters 
such as tetrabutyl titanate and tetrapropyl titanate; organoaluminum compounds such as aluminum trisacetylacetonate, 
aluminum tris(ethyl acetoacetate) and diisopropoxyaluminum ethyl acetoacetate; chelate compounds such as zirconi- 
um tetraacetylacetonate and titanium tetraacectylacetonate; lead octylate; amine compounds such as butylamlne, 
octylamine, laurylamlne, dlbutytamlne, monoethanoiamlne, dlethanolamine, triethanolamlne, diethyienetriamlne, tri- 
ethyienetetramlne, oleyiamlne, cyciohexylamlne, benzylamlne, dlethylaminopropylamine, xyfylenedlamlne, triethyien- 
edlamine, guanidlne, diphenylguanldlne, 2 l 4,6-tris(dlmethylaminomethyl)phenoI, morphollne, N-methylmorpholine, 
2-ethyl-4-methylimidazoie and 1 ,8-dlazablcycio[5.4.0]undecene-7 (DBU), or salts of these amine compounds with car- 
boxylic acids; low-molecular-weight polyamide resins obtained from an excess polyamine and a poiybasic acid; reaction 
products from an excess polyamine and an epoxy compound; amino-containing silane coupling agents such as y- 
aminopropyltrimethoxysilaneand N- (p-aminoethyl)-aminopropylmethyldimethoxysilane; and, further, other acidic and 
basic silanol condensation catalysts. 

[0123] These catalysts can be used each Independently or In a combination of two or more thereof. The formulating 
amount of the condensation catalyst is preferably about 0.1 to 20 weight parts, more preferably 1 to 10 weight parts, 
relative to 1 00 weight parts of the vinyl polymer having at least one crosslinking silyl group (A1 ). When the formulating 
amount of the silanol condensation catalyst is below the above range, the curing velocity may be decreased and the 
curing reaction may not proceed fully. On the other hand, when the formulating amount of the silanol condensation 
catalyst exceeds the above range, local heating and foaming tend to take place in curing to make it impossible to obtain 
a satisfactory cured product. Moreover, since the pot life of the composition is too shortened, workability is adversely 
affected! 

[0124] In the curable composition according to the first aspect of the invention, a non-silanol group-containing silicon 
compound of the following general formula (22) may be formulated for the purpose of enhancing the condensation 
catalyst activity. 

R 49 a Si(OR 50 ) 4 ^ a * (22) 

(wherein R 49 and R 50 each Independently represents a substituted or unsubstituted hydrocarbon group containing 1 
to 20 carbon atoms; a represents any of 0, 1 , 2 and 3) 

[0125] The silicon compound mentioned just above is not particularly restricted but is preferably the compound of 
the general formula (22) wherein R 49 is an aryl group containing 6 to 20 carbon atoms, such as, for example, phenyit- 
rimethoxysilane, phenyimethyldimethoxysllane, phenyldimethyimethoxysilane, diphenyldimethoxysilane, diphenyidi- 
ethoxysilane ortriphenylmethoxysilane, for such compound is highly capable of accelerating the curing reaction of the 
composition. Particularly, diphenyldimethoxysilane and diphenyldiethoxysilane are most preferred from availability and 
cost points of view. 

[0126] The formulating amount of said silicon compound is preferably about 0.01 to 20 weight parts, more preferably 
0.1 to 1 0 weight parts, based on 1 00 weight parts of the vinyl polymer having at least one crosslinking silyl group (A1). 
When the formulating amount of said silicon compound is below the above range, the accelerating effect on curing 
reaction tends to be decreased. On the other hand, when the silicon compound is formulated in excess of the above 
range, the hardness and tensile strength of the cured product tend to be decreased. 

<Adhesion-imparting agent> 

[0127] The composition of the invention may be supplemented with a silane coupling agent and/or an adhesion- 
Imparting agent other than silane coupling agents. As examples of the silane coupling agent, there can be mentioned 
Isocyanato-contalnlng silanes such as T^isocyanatopropyltrlmethoxysilane, y-isocyanatopropyltriethoxysllane, y-lsocy- 
anatopropylmethyl-diethoxysllane, 7-lsocyanatopropyImethyidlmethoxysllane, etc.; amino-contalning silanes such as 
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y^aminopropyitrimethoxysilane, y-aminopropyltriethoxysilane, raminopropylmethyldimethoxysilane, y-ami nop ropy l- 
methyldlethoxysllane, yK2-aminoethyl)aminopropyltrimethoxysilane, Y-(2-aminoethy0aminopropylmethylclirn6thoxysi- 
lane, y-(2-aminoethyl)amlnopropyltriethoxysilane, y-(2-aminoethyI)arninopropylrnethyldiethoxysilane, ^ureidopropylt- 
rirnethoxysilane, N-phenyl^aminopropyltrimethoxysilane, N-benzyl-y^aminopropyltrimethoxysilane, N-vinylbenzyl- y- 
amlnopropyltrlethoxysilane, etc.; mercapto-containing silanes such as y-mercaptopropyltrimethoxysilane, y-mercapto- 
propyltriethoxysilane, y-mercaptopropylmethyldimethoxysilane, y-mercaptopropylmethyldiethoxysilane, etc.; epoxy- 
containing silanes such as y-gtycidoxypropyltrimethoxysilane. y-glycidoxypropyitriethoxysilane, y-grycidoxypropy Imeth- 
yldimethoxysilane, (H3^epoxycyclohexyi)ethyitrimemoxysilane, p-fS^-epoxycyclohexylJethyltrlethoxysilane, etc.; 
carboxysilanes such as p-carboxyethyltriethoxysilane, p-carboxyethylphenylbis(2-methoxyethoxy)sllane, N-p-(car- 
boxymethy!)aminoethyl-^aminopropyltrimethoxysilane, etc.; vinyl unsaturated group-containing silanes such as vinylt- 
rimethoxysllane, vinyltriethoxysllane, y-methacryloy!oxypropyimethyldimethoxysilane ( y-acryloyloxypropyimethyltri- 
ethoxysilane, etc.; halogen-containing silanes such as y<:hloropropyltrimethoxysilane etc.; and isocyanurate silanes 
such as tris(trimethoxysNy[) isocyanurate etc., among others. Moreover; modification products of these compounds, 
such as amino-modlfled sllyl polymers, sllylated amino polymers, unsaturated amlnosllane complexes, phenylamino- 
long-chain-alkylsllanes, aminosliylated silicones, sllylated polyesters, etc. can also be used. 

[0128] in practice of this invention, the sllane coupling agent Is generally used in a proportion of 0.1 to 20 weight 
parts based on 100 weight parts of the vinyl polymer having a crosslinking silyl group (A1). The preferred proportion 
Is 0.5 to 10 weight parts. As to the effect of the sllane coupling agent so added to the curable composition of the 
invention, when the composition is applied to various adherends, namely inorganic substrates such as glass, aluminum, 
stainless steel, zinc, copper, mortar, etc. or organic substrates such as polyvinyl chloride), polyacrylic, polyester, pol- 
yethylene, polypropylene, polycarbonate and other resins, remarkable adhesion-improving effects appear both under 
non-primer and under primer conditions. When used under non-primer conditions, the adhesion-improving effect to 
various adherends is particularly pronounced. 

[01 29] The specific examples otherthan silane coupling agents are not particularly restricted but include epoxy resins, 
phenolic resins, sulfur, alkyl titanates and aromatic polyisocyanates, among others. 

[0130] The above adhesion-imparting agents may be used each independently or as a mixture of two or more species. 
Addition of any of these adhesion-imparting agents contributes to the adhesion to various adherends. 

<Fiiler> 

[0131] in the curable composition of the invention, there may be incorporated various fillers as needed. As such 
fillers, there can be mentioned various reinforcing fillers such as woodmeal, pulp, cotton chips, asbestos, glass fibers, 
carbon fibers, mica fiakes, walnut shell flour, rice hull fiour, graphite, diatomaceous earth, clay, fumed silica, precipitated 
silica, crystalline silica, fused silica, dolomite, silicic anhydride, hydrous silicic acid and carbon black; fillers such as 
calcium carbonate, magnesium carbonate, diatomaceous earth, calcined clay, clay, talc, titanium dioxide, bentonite, 
organic bentonite, ferric oxide, finely divided aluminum,flint powder, zinc oxide, activated zinc white, zinc dust and 
shirasu balloons; and fibrous fillers such as asbestos fibers, glass fibers and filaments and so forth. Preferred, among 
these fillers, are precipitated silica, fumed silica, crystalline silica, fused silica, dolomite, carbon black, calcium carbon- 
ate, titanium dioxide and talc. For obtaining high-strength cured products using such fillers, there can be used a filler 
selected mainly from among fumed silica, precipitated silica, silicic anhydride, hydrous silicic acid, carbon black, sur- 
face-treated fine calcium carbonate, crystalline silica, fused silica, calcined clay, clay, activated zinc white and so on. 
When cured products of low strength but high elongation are desired, there can be used a filler selected mainly from 
among titanium oxide, calcium carbonate, talc, ferric oxide, zinc oxide, shirasu balloons and the like. These fillers may 
be used singly or two or more of them may be used in admixture. The addition amount of the filler, when used, is not 
particularly restricted but is preferably 1 0 to 1 000 parts, more preferably 50 to 300 parts, based on 100 parts of the 
vinyl polymer (A1). 

<Plastlcizer> 

[0132] In the curable composition of the invention, there may be incorporated various plasticizers as needed. The 
plasticizer is not particularly restricted but, according to the physical property or appearance characteristic desired, 
use may be made of, for example, the following, either singly or in a combination of two or more: phthalic acid esters 
such as dibutyi phthalate, diheptyl phthalate, di(2-ethylhexyl) phthalate and butyl benzyl phthalate; nonaromatic dibasic 
acid esters such as dloctyl adipate, dioctyl sebacate, dibutyi sebacate and isodecyl succinate; aliphatic esters such as 
butyl oleate and methyl acetyl ricino late; polyalkyiene glycol esters such as diethylene glycol dibenzoate, triethylene 
glycol dibenzoate and pentaerythritol esters; phosphoric acid esters such as tricresy! phosphate and tributyl phosphate; 
trimellrtic acid esters; chlorinated paraffins; hydrocarbon oils such as alkytdiphenyis and partially hydrogenated terphe- 
nyl; process oils; polyethers such as polyethylene glycol and polypropylene glycol; epoxy plasticizers such as epoxi- 
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dized soybean oil and benzyl epoxystearate; and polyester pi asticizers; among others. The addition of these plasticlzers 
is not always essential, however. It is also possible to incorporate these plasticizers in the stage of polymer production. 

<Solid-state modifier> 

5 

[0133] The curable composition of the invention may be optionally supplemented with a solid-state modifier for con- 
trolling the tensile characteristics of the cured product. 

[0134] The solid-state modifier is not particularly restricted but includes alkylaikoxysilanes such as methyltrimethox- 
ysilane, dimettiyldimethoxysilane, trimethylmethoxysilane and n-propyitrirnethoxysilane; alkyllsopropenoxysilanes 

10 such as dimethyldMsopropenoxysllane, methyitriisopropenoxysiiane and ^gfycldoxypropylmethyldiisopropenoxysl- 
lane, functional group-containing alkoxysilanes such as ^glycidoxypropylmethyldimethoxysilane, ^glycidoxypropylt- 
rimethoxysilane, vlnyltrlmethoxysilane, vinyldimethylmethoxysiiane, Y-aminopropyltrimethoxysilane, N-(p-aminoethyl) 
aminopropylmethyidimethoxysHane, Ymercaptopropyltrimethoxysilane and ^mercaptopropylmethyldimethoxysilane; 
silicone varnishes; and polyslloxanes; among others. By using such a solid-state modifier, It is possible to increase or 

15 decrease the hardness or increase the elongation on the occasion of curing of the composition of the invention. These 
solid-state modifiers may be used each Independently or in a combination of two or more thereof. 

<Thixotropic agent (antlsagglng agent)> 

20 [0135] The curable composition of the invention may be supplemented with a thixotropic agent (antlsagglng agent) 
for prevention of sagging and improved workability as needed. 

[0136] The antisagging agent is not particularly restricted but Includes polyamide waxes; hydrogenated castor oil 
derivatives; and metal soaps such as calcium stearate, aluminum stearate and barium stearate, among others. These 
thixotropic agents (antisagging agents) may be used each independently or in a combination of two or more thereof. 

25 

Other additives 

[0137] For the purpose of adjusting various physical properties of the curable composition or cured product, the 
curable composition of the invention may be supplemented with various additives as necessary. As typical additives, 
30 there can be mentioned flame retardants, curability modulators, aging inhibitors, radical terminators, ultraviolet absorb- 
ers, metal ion deactivator, ozone degradation inhibitors, light stabilizers, phosphorus-type peroxide decomposers, lu- 
bricants, pigments, blowing agents, and photocurable resin. These various additives may be used singly or in a com- 
bination of two or more species. 

[0136] Specific examples of those additives are described in the specifications of Japanese Kokoku Publication Hei- 
35 4-69659, Japanese Kokoku Publication Hel-7-1 08928, Japanese Kokai Publication Sho-53-2541 49 and Japanese 
Kokai Publication Sho-64-22904. 

[0139] The curable composition of the present invention can be prepared as a one-component system such that all 
the components are premlxed and sealed and, after application or installation, let the whole be cured In situ by atmos- 
pheric moisture or as a two-component system such that a curing agent comprising the curing catalyst, filler, piastlcteer, 
40 water, etc. and a polymer composition are admixed prior to application. 

[Uses] 

[0140] Though not restricted, the curable composition of this invention finds application in a broad spectrum of uses, 
45 for example sealants such as architectural elastic sealants, composite-glass sealants, electric/electronic component 
materials such as a solar cell back sealant, etc., electrical insulating materials such as conductor/cable insulation 
sheaths, etc., adhesives, self-adheslves, elastic adhesrves, coatings, powder coatings, coating dopes, foams, electric/ 
electronic potting materials, film, gaskets, potting compounds, various molding compounds, rust-preventive, water- 
proofing sealants for wire-reinforced glass or laminated glass edges (cut edges) and so on. 

50 

«The second aspect of the lnvention» 

[0141] The curable composition according to the second aspect of the present invention is now described in detail. 
[0142] The curable composition according to the second aspect of the invention comprises (A2) a vinyl polymer 
55 having a crosslinking silyl group and (C) an air oxidation-curable substance. The vinyl polymer for use. as the compo- 
nent (A2) is identical with the vinyl polymer (A1) so far described: 
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[Air oxidation-curable substance for (C) component] 

[0143] The air oxidation-curable substance for use as the (C) component in the second aspect of the invention is a 
compound containing an unsaturated group capable of being crosslinked and cured by the atmospheric oxygen. The 
5 air oxidation-curable substance (C) for use in this second aspect of the invention is a substance which undergoes 
curing on contact with air, more specifically a substance having the property to cure by reacting with oxygen in the air. 
A representative air oxidation-curable substance can be cured, for example by allowing it to stand in an interior envi- 
ronment at room temperature for one day. 

[0144] The air oxidation-curable substance includes drying oils such as tung oil, linseed oil, etc.; various alkyd resins 

to obtainable by modifying such drying oils, drying oil-modified acrylic polymers, epoxy resins or silicone resins; polymers 
or copolymers of C^g dienes such as 1 ,2-polybutadiene, 1 ,4-polybutadiene, etc., and various modification products e. 
g. maleated, boiled oil-modified, etc.) of said polymers or copolymers. Of these substances, tung oil, liquid species of 
diene polymers (liquid diene polymers) and modification products thereof are particularly preferred. 
[0145] As said liquid diene polymers, there can be mentioned liquid polymers obtainable by polymerizing or copol- 

1* ymerizing such diene compounds as butadiene, chloroprene, isoprene, 1 ,3-pentadlene, etc.; NBR, SBR and other 
polymers obtainable by copolymerizing said diene compounds with a copolymerizable monomer such as acrylonltrile, 
styrene and the like In the ratio such that a diene monomer Is mainly shared and various modification products thereof 
(maleated, boiled oil-modified, etc.). These polymers can be used each independently or In a combination of two or 
more thereof. Among these liquid diene compounds, liquid polybutadiene is particularly preferred. 

20 [0146] The air oxidation-curable substance may be used each independently or In a combination of two or more 
thereof. Further, an enhanced effect may at times be obtained when such an air oxidation-curable substance is used 
in combination with a catalyst promoting an oxidation-curing reaction or a metallic dryer. As examples of said catalyst 
or metallic dryer, there can be mentioned various metal salts such as cobalt naphthenate, lead naphthenate, zirconium 
naphthenate, cobalt octanoate, zirconium octanoate, etc. and amine compounds. 

25 [0147J The air oxidation-curable substance (C) is added preferably in a proportion of 0.01 to 20 weight parts to 1 00 
weight parts of the vinyl polymer having a crosslinking silyl group (A2). At an addition amount below 0.01 weight parts, 
the effect of addition is small. Over 20 weight parts; adverse effects on physical properties may be encountered. 
[0148] The curable composition according to the second aspect of the invention may be supplemented with various 
optional components similar to those mentioned for the first aspect of the invention. 

30 [0149] The curable composition according to the second aspect of the present invention can be prepared as a one- 
component system such that all the components are premixed and sealed and, after application, let it be cured in situ 
by atmospheric moisture or as a two-component system such that a curing agent comprising the curing catalyst, filler, 
plasticizer, water, etc. and a polymer composition are admixed prior to application. 

[0150] Though not restricted, the curable composition according to the second aspect of the invention finds appli- 
es cation In a broad spectrum of uses, for example sealants such as architectural elastic sealants, composite-glass seal- 
ants, electric/electronic materials such as a solar cell backseaiant, etc., electrical insulating materials such as con- 
ductor/cable insulation sheaths, etc., adhesives, self-adhesives, elastic adhesives, coatings, powder coatings, coating 
dopes, foams, electric/electronic potting materials, film, gaskets, potting compounds, various molding compounds, 
rust-preventive, water-proofing sealants for wire-reinforced glass or laminated glass edges (cut edges) and so on. 

40 

<The third aspect of the invention> 

[0151] The curable composition according to the third aspect of the invention is now described in detail. 
[0152] The curable composition according to the third aspect of the invention comprises (A3) a crosslinking functional 
45 group-containing vinyl polymer and (D) a high molecular plasticizer. 

[The vinyl polymer for (A3) component] 

[0153] The main chain and method for production of the vinyl polymer (A3) are the same as those described for the 
so vinyl polymer (A1 ). 

<Crosslinking functional group> 

[0154] The crosslinking functional group of the vinyl polymer (A3) is not particularly restricted but is preferably a 
55 crosslinking siiyl group, an alkenyl group, a hydroxyl group, an amino group, a polymerizable carbon-carbon double 
bond, or an epoxy group. These crosslinking functional groups can be selectively used according to the intended 
application/object. 
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Number of crosslinking functional groups 

[0155] The crosslinking functional group should exist in the number of at least one on the average per molecule of 
polymer (A3). When this crosslinking functional groups is less than one per molecule, no sufficiently cured product can 
5 be obtained. The average numberof crosslinking functional groups per molecule necessary to give a satisfactory, cured 
product is generally 1 .1 to 5, preferably 1 .2 to 4, more preferably 1 .3 to 3. 

Position of the crosslinking functional group 

10 [0156] When the curable composition according to the third aspect of the invention is required to give a cured pro duct 
having rubber-like properties in particular, it is preferable that at least one crosslinking functional group is present at 
the molecular chain terminus, for the molecular mass between crosslinking points, which has considerable bearings 
on rubber elasticity, can then be large. More preferably, all crosslinking functional groups are located at molecular chain 
termini. 

15 [01 57] The technology of producing a vinyl polymer having at least one crosslinking functional group at the molecular 
chain terminus, particularly such a (meth)acryllc polymer, Is described In, Japanese Kokoku Publication HeI-3-14068, 
Japanese Kokoku Publication Hel-4-55444 and Japanese Kokai Publication Hel-6-211922. However, since these are 
Invariably free radical polymerization processes utilizing said "chain transfer agent technique", the resulting polymer 
has crosslinking functional groups at molecular chain termini at a fairly high rate but has the drawback that the molecular 

20 weight distribution value, represented by Mw/Mn, is as large as 2 or more and, hence, the viscosity of the polymer is 
high. Therefore, in order to provide a vinyl polymer having a small molecular weight distribution value, hence a low 
viscosity value, and, yet, a high proportion of crosslinking functional groups at molecular chain termini, the "living radical 
polymerization technique" mentioned hereinbefore is preferably employed. 

[01 56] These functional groups are explained below. The crosslinking silyl group is preferably the one described for 
25 the first aspect of the invention. 

Aikenyl group 

[0159] The aikenyl group in this invention is not particularly restricted but is preferably one represented by the fol- 
30 lowing general formula (23). 

H 2 C=C(R 11 )- (23) 

35 (wherein R 11 represents a hydrogen atom or a hydrocarbon group containing 1 to 20 carbon atoms) 

[0160] Referring to the above general formula (23), R 11 is a hydrogen atom or a hydrocarbon group containing 1 to 
20 carbon atoms such as, for example, the following. 

-(CH 2 ) n -CH 3 , -CH(CH 3 )-(CH 2 ) n -CH 3l -CH(CH 2 CH 3 MCH 2 ) n -CH 3f -CH(CH 2 CH3) 2 , -C(CH 3 ) 2 -(CH 2 ) n -CH 3l -C(CH 3 ) 
(CH 2 CH 3 MCH 2 ) n -CH 3 . -C 6 H 5 , -C 6 H 5 (CH 3 ), -C 6 H 5 (CH 3 ) 2 , -(CH 2 ) n -C 6 H 5 , -(CH 2 ) n -C 6 H 5 (CHa) and -(CH 2 ) n -C 6 H 5 (CH 3 ) 2 
40 (n is an integer of O or more; the totar number of carbon atoms in each group is up to 20 at the maximum) 
[0161] The preferred, among them, is a hydrogen atom. 

[0162] Furthermore, it is preferable, though not essential, that the aikenyl group of polymer (A3) is not in an activated 
state due to a carbonyl, aikenyl or aromatic ring conjugated to Its carbon-carbon double bond. 
[01 63] The mode of linkage between the aikenyl group and the main chain Is not particularly restricted but they are 
45 preferably linked to each other through a carbon-carbon bond, an ester linkage, an ester linkage, a carbonate bond, 
an amido linkage, or a urethane linkage. 

Amino group 

so [0164] The amino group in this invention Is not particularly restricted but may for example be a group represented 
by the formula -NR 12 2 

(wherein R 12 represents a hydrogen atom or a univalent organic group containing 1 to 20 carbon atoms; the two R 12 
groups may be the same or different and may be joined to each other at the respective free termini to form a cyclic 
structure). It may also be an ammonium salt as represented by the formula: - (NR 12 a) + X" 
55 (wherein R 12 represents a hydrogen atom or a univalent organic group containing 1 to 20 carbon atoms; the two R 12 
groups may be the same or different and may be Joined to each other at the respective free termini to form a cyclic 
structure; X" represents a counter anion) 
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[0165] In the above formulas, R 12 is a hydrogen atom or a univalent organic group containing 1 to 20 carbon atoms. 
More particularly, it may for example be a hydrogen atom, an alkyl group containing 1 to 20 carbon atoms, an aryl 
group containing 6 to 20 carbon atoms, or an aralkyl group containing 7 to 20 carbon atoms. The two R 12 groups may 
be the same or different. Further, these groups may be Joined to each other at the respective free termini to form a 
cyclic structure. 

Polymerizable carbon-carbon double bond 

[0166] The group having a polymerizable carbon-carbon double bond is preferably a group of the following general 
formula (24): 



-OC(0)C(R 1,:, )=CH 2 (24) 

(wherein R 13 represents a hydrogen atom or a univalent organic group containing 1 to 20 carbon atoms) , more pref- 
erably a group of the above formula wherein R 13 represents a hydrogen atom or a methyl group. 
[0167] Referring to the above general formula (24), R 13 is not particularly restricted but includes, among others, the 
following species: 

-H, -CH a , -CH 2 CH 3 , -(CH 2 ) n CH 3 (n represents an integer of 2 to 1 9), -C 6 H 5 , -CH 2 OH, and -CIN. Preferred is -H or -CH 3 . 
<Method for introduction of the crossiinking functional group> 

[0168] The method of introducing a functional group into the vinyl polymer is described below, although this method 
Is not an exclusive choice. 

[0169] !t is to be understood that when a crossiinking silyl group, an alkenyl group or a hydroxy! group is to be 
introduced by terminal functional group transformation, the processes described hereinbefore can be utilized with ad- 
vantage. 

Epoxy group 

[0170] The vinyl polymer having an epoxy group In accordance with this invention can be produced for example by 
the process comprising the following steps: 

(1 ) a step of polymerizing a vinyl monomer by a living radical polymerization technique to obtain a vinyl polymer and 

(2) a step of reacting the polymer with a compound having both an epoxy group and an ethylenicafiy unsaturated 
group. 

[0171] An alternative process comprises reacting an aliyl alcohol at the terminal stage of atom transfer radical po- 
lymerization and, thereafter, effecting an epoxy-cycllzation utilizing a hydroxyl group and a halogen group. 

Amino group 

[0172] A process for producing a vinyl polymer having an amino group at at least one terminus of its main chain 
comprises the following steps: 

(1) a step of preparing a vinyl polymer having a halogen group at at least one terminus of its main chain to obtain 
a vinyl polymer and 

(2) a step of reacting an amino-containlng compound with the polymer to convert the terminal halogen to an amino- 
containlng substituent. 

[0173] The amino-containing substituent mentioned above is not particularly restricted but may for example be a 
group of the general formula (25): 

-0-R 26 -NR 12 2 (25) 
(wherein R 2e represents a C uso bivalent organic group optionally containing one or more ether or ester linkages; R 12 
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represents a hydrogen atom or a univalent organic group containing 1 to 20 carbon atoms and the two R 12 groups 
may be the same or different and may be jointed to each other at the respective free termini to form a cyciic structure). 
[0174] Referring to the above general formula (25), R 26 is a C^ 2 o bivalent organic group optionally containing one 
or more ether or ester linkages, such as, for example, an alkylene group containing 1 to 20 carbon atoms, an arylene 
5 group containing 6 to 20 carbon atom or an araikylene group containing 7 to 20 carbon atoms, preferably a group 
represented by the formula: 
-C 6 H 4 -R 27 - 

(wherein C B H A stands for a phenylene group; R 27 represents a direct bond or a bivalent organic group containing 1 to 
14 carbon atoms and optionally containing one or more ether or ester linkages) or a group of the formula: 
10 -C(0)-R 29 - 

(wherein R 28 represents a direct bond or a bivalent organic group containing 1 to 19 carbon atoms and optionally 
containing one or more ether or ester linkages) 

[0175] An amino group can be introduced into the terminus of a vinyl polymer by converting the terminal halogen of 
a vinyl polymer. The method for this substitution Is not particularly restricted but, from the standpoint of the ease of 
1$ control, it Is preferable to use a nucleophllic substitution reaction using an amino-contalnlng compound as a nucleophllic 
agent As such a nucleophllic agent, there can be mentioned a compound having both a hydroxyl group and an amino 
group as, for example, represented by the general formula (26): 

20 HO-R 26 -NR 12 2 (26) 

(wherein R 26 represents a C 1m2 o bivalent organic group optionally containing one or more ether or ester linkages; R 12 
represents a hydrogen atom or a univalent organic group containing 1 to 20 carbon atoms and the two R 12 groups 
may be the same or different and may be joined to each other at the respective free termini to form a cyclic structure). 
25 [0176] Referring to the above general formula (26), R 26 is a C-j«2o bivalent organic group optionally containing one 
or more ether or ester linkages and may for example be an alkylene group containing 1 to 20 carbon atoms, an arylene 
group containing 6 to 20 carbon atoms, or an araikylene group containing 7 to 20 carbon atoms. The preferred, among 
such compounds having both a hydroxyl group and an amino group, are aminopheno! compounds wherein R 2S rep- 
resents 
-C 6 H 4 -R 27 - 

(whereln C G H A stands for a phenylene group; R 27 represents a direct bond or a bivalent organic group optionally 
containing one or more ether or ester linkages) and amino acid compounds of the formula: 

as -C(0)-R 2a - 

(whereln R 29 represents a direct bond or a C 1 . l9 bivalent organic group optionally containing one or more ether or 
ester linkages). 

[0177] As specific such compounds, there can be mentioned ethanolamine; o, m, p-aminophenol; o, m, 
40 p-NH 2 -C 6 H4-C0 2 H; glycine, alanine and aminobutanoic acid, among others. 

[0178] A compound having both an amino group and an oxyanion may also be used as said nucleophilic agent. Such 
compound is not particularly restricted but includes compounds represented by the general formula (27), among others: 

45 M + 0"-R 2S -NR 12 2 (27) 

(wherein R 26 represents a C^gQ bivalent organic group optionally containing one or more ether or ester linkages; R 12 
represents a hydrogen atom or a univalent organic group containing 1 to 20 carbon atoms and the two R 12 groups 
may be the same or different and may be joined to each other at the respective free termini to form a cyclic structure; 

50 M+ represents an alkali metal ion or a quaternary ammonium ion). 

[0179] Referring to the above general formula (27), M + represents the counter cation to the oxyanion and is an alkali 
metal ion or a quaternary ammonium ion. As specific examples of the alkali metal ion, there may be mentioned the 
lithium ion, sodium ion and potassium ion. Preferred is sodium ion or potassium ion. As the quaternary ammonium ion, 
there may be mentioned the tetramethylammonium ion, tetraethylammonium ion, t-imethylbenzylammonium ion, trl- 

55 methyldodecylammonium Ion, tetrabutylammonium ion and dimethyl piperidinium ion. 

[0180] Among the above compounds having both an amino group and an oxyanion, salts of aminophenols repre- 
sented by the general formula (28) and salts of amino acids represented by the general formula (29) are preferred 
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because of the ease of control of the substitution reaction as well as from availability points of view. 



m + o"-c 6 h 4 -r 27 -nr' 



,12 



(28) 



2 



M + 0'-C(0)-R 28 -NR 



12 



(29) 



2 



(wherein C 6 H 4 stands for a phenylene group; R 2 represents a direct bond or a C 1 . 14 bivalent organic group optionally 
containing one or more ether or ester linkages; R 3 represents a direct bond or a C-|. 19 bivalent organic group optionally 
containing one or more ether or ester linkages; R^ 2 represents a hydrogen atom or a C-j_20 univalent organic group 
and the two R 12 groups may be the same or different and may be jointed to each other at the respective free termini 
to form a cyclic structure; M + has the same meaning as defined hereinabove) 

[0181] The oxyanion-containing compound represented by the general formulas (27) to (29) can each be obtained 
by reacting a compound of the general formula (26) with a basic compound. 

[0182] As the basic compound, various compounds can be selectively employed. Thus, for example, sodium meth- 
oxide, potassium methoxide, lithium methoxide, sodium ethoxide, potassium ethoxide, lithium ethoxide, sodium tert- 
butoxide, potassium tert-butoxide, sodium carbonate, potassium carbonate, lithium carbonate, sodium hydrogen car- 
bonate, sodium hydroxide, potassium hydroxide, sodium hydride, potassium hydride, methyllithium, ethyllithium, n- 
butyilithium, tert-butyllithium, lithium diisopropylamide and lithium hexamethyldisilazide, among others, can be men- 
tioned. The amount of use of said base is not particularly restricted but, based on said precursor, may range from 0.5 
to 5 equivalents, preferably 0.8 to 1 ,2 equivalents. 

[0163] As the solvent to be used in reacting the above precursor with a basic compound, there may be mentioned 
hydrocarbon solvents such as benzene and toluene; ether solvents such as diethyl ether and tetrahydrofuran; halo- 
genated hydrocarbon solvents such as methylene chloride and chloroform; ketone solvents such as acetone, methyl 
ethyl ketone and methyl isobutyi ketone; alcohol solvents such as methanol, ethanol, propanol, isopropyi alcohol, n- 
butyl alcohol and tert-butyl alcohol; nitrile solvents such as acetonitrile, propionitriie and benzonitrile; ester solvents 
such as ethyl acetate and butyl acetate; carbonate solvents such as ethylene carbonate and propylene carbonate; 
amide solvents such as dimethylformamide and dimethyiacetamide; sulfoxide solvents such as dimethyl sulfoxide; and 
so on. These may be used singly or two or more of them may be used in admixture. 

[0184] The oxyanion-containing compound in which M + is a quaternary ammonium ion can be obtained by preparing 
a compound having an alkali metal ion for M + and reacting this compound with a quaternary ammonium halide. As 
examples of the quaternary ammonium halide, there may be mentioned tetrarnethylammonium halides, tetraethylam- 
monium halides, trimethyibenzylammonium haiides, trimethyldodecylammonium halides and tetrabutylammonium hal- 
ides. 

[0185] A variety of solvents can be used for the substitution (conversion) reaction of the terminal halogen of the 
polymer. As the solvents, there may be mentioned hydrocarbon solvents such as benzene and toluene; ether solvents 
such as diethyl ether and tetrahydrofuran; halogenated hydrocarbon solvents such as methylene chloride and chloro- 
form; ketone solvents such as acetone, methyl ethyl ketone and methyl isobutyi ketone; alcohol solvents such as 
methanol, ethanol, propanol, isopropyi alcohol, n-butyl alcohol and tert-butyl alcohol; nitrile solvents such as ace- 
tonitrile, propionitriie and benzonitrile; ester solvents such as ethyl acetate and butyl acetate; carbonate solvents such 
as ethylene carbonate and propylene carbonate; amide solvents such as dimethylformamide and dimethyiacetamide; 
and sulfoxide solvents such as dimethyl sulfoxide; among others. These may be used each independently or in a 
combination of two or more thereof. 

[0186] The reaction can be carried out in the temperature range of 0 to 150 °C. The amount of use of the amino 
group-containing compound is not particularly restricted but may be 1 to 5 equivalents, preferably 1 to 1 .2 equivalents, 
relative to the terminal halogen of the polymer. 

[01 87] For accelerating the nucleophilic substitution reaction, a basic compound may be added to the reaction mix- 
ture. Such a basic compound includes not only the compounds already mentioned herein but also alkylamines such 
as trimethylamine, triethylamine, tributylamine, etc.; polyamines such as tetramethylethylenedi amine, pentamethyldi- 
ethylenetriamine, etc.; and pyridine compounds such as pyridine and picoline, among others. 
[0188] When the amino group of the amino group-containing compound for use in the nucleophilic substitution re- 
action may affect the nucleophilic substitution reaction, the amino group is preferably protected with a suitable substit- 
uent group. The substituent group includes benzyioxycarbonyl, tert-butoxycarbonyl and 9-fluorenylmethoxycarbonyl, 
among others. 

[0189] There may also be mentioned a process which comprises replacing the halogen terminus of a vinyl polymer 
with an azide anion and reducing the same with, for example, LAH. 
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Polymerizabie carbon-carbon double bond 

[0190] The technology of introducing a polymerizabie carbon-carbon double bond Into a vinyl polymer includes but 
Is not limited to the following processes. 

® The process which comprises substituting the halogen group of a vinyl polymer with a compound having a 
radical-pofymerizable carbon-carbon double bond. As a specific example, there can be mentioned a process which 
comprises reacting a vinyl polymer represented by the following general formula (30) with a compound represented 
by the following formula (31). 

-CR 29 R 30 X (30) 

(wherein R 29 and R 30 each represents a group bound to the ethylenically unsaturated group of a vinyl monomer; 
X represents a chlorine, bromine or iodine atom) 

M^OCCOJCtR^CHa (31) 

[wherein R 13 represents a hydrogen atom or an organic group containing 1 to 20 carbon atoms; M+ represents an 
alkali metal ion or a quaternary ammonium ion] 

© The process which comprises reacting a hydroxyi-containing vinyl polymer with a compound of the following 
general formula (32). 

XC(0)C(R 13 )=CH 2 (32) 

[wherein R 13 represents a hydrogen atom or an organic group containing 1 to 20 carbon atoms; X represents a 
chlorine or bromine atom or a hydroxy! group] 

® The process which comprises reacting a hydroxyi-containing vinyl polymer with a diisocyanate compound and 
causing the residual isocyanato group to react with a compound of the foliowing general formula (33). 

HO-R 31 -OC(0)C(R i3 )=CH 2 (33) 

[wherein R 13 represents a hydrogen atom or an organic group containing 1 to 20 carbon atoms; R 31 represents a 
bivalent organic group containing 2 to 20 carbon atoms] 

[0191] The above processes are respectively described In detail below. 
[0192] The process® is now described in detail. 

(1) The process which comprises reacting a vinyl polymer represented by the following general formula (30) with a 
compound represented by the following formula (31). 

-CR^R^X (30) 

(wherein R 29 and R 30 each represents a group bound to the ethylenically unsaturated group of a vinyl monomer; X 
represents a chlorine, bromine or iodine atom) 

M^OC(0)C(R 13 )=CH 2 (31) 

[wherein R 13 represents a hydrogen atom or an organic group containing 1 to 20 carbon atoms; M + represents an alkali 
metal ion or a quaternary ammonium ion] 

[0193] The vinyl potymer having a terminal structure of the general formula (30) can be produced by the above- 
mentioned technology for polymerizing a vinyl monomer using an organohaiogen compound or a sulfonyl hallde com- 
pound as the initiator and a transition metal complex as the catalyst orthe above-mentioned technology for polymerizing 
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a vinyl monomer using a halogen compound as the chain transfer agent, preferably by the former method. 
[0194] The compound represented by the general formula (31) is not particularly restricted. As specific examples of 
R 13 , there can be mentioned -H, -CH 3) -CH 2 CH a ,- (CH 2 ) n CH 3 (n represents an integer of 2 to 19), -C 6 H 5 , -CH 2 OH, 
-CN , etc. , and preferred, among these, is -H or -CH 3 . 

[0195] M + represents the counter cation to the oxyanion and is an alkali metal ion such as lithium ion, sodium ion 
and potassium ion and a quaternary ammonium ion. As the quaternary ammonium ion, there may be mentioned the 
tetramethylammonium ion, tetraethylammonium ion, tetrabenzylarnmonium ion, trimethyldodecyiammonium ion, 
tetrabutyiammonium ion and dimethyipiperldinium ion. Preferred is sodium ion or potassium ion. 
[0196] The amount of use of the oxyanion of the general formula (31) relative to the halogen group of the general 
formula (30) is preferably 1 to 5 equivalents, more preferably 1 .0 to 1 .2 equivalents. The solvent for use in carrying out 
this reaction is not particularly restricted but, because the reaction is a nucleophilic substitution reaction, is preferably 
a polar solvent such as, for example, tetrahydrofuran, dioxane, diethyl ether, acetone, dimethyl sulfoxide, dimethylfor- 
mamide, dimethylacetamide, hexamet triphosphoric triamide, acetonitrile and so on. The reaction temperature is not 
particularly restricted but generally the reaction Is conducted at 0 to 1 50 °C, preferably at room temperature to 1 00 °C 
for maintaining the polymeric terminal group. 
[0197] The process @ mentioned above Is now described. 

© The process which comprises reacting a hydroxyt-contalnlng vinyl polymer with a compound of the general formula 
(32). 

XC(0)C(R 13 )=CH 2 (32) 

[wherein R 13 represents a hydrogen atom or an organic group containing 1 to 20 carbon atoms; X represents a chlorine 
or bromine atom or a hydroxyl group} 

[0198] The compound represented by the general formula (32) is not particularly restricted. As specific examples of 
R 13 , there can be mentioned -H, -CH 3 , -CH 2 CH 3 , -(CH 2 ) n CH 3 (n represents an integer of 2 to 19) , -C 6 H 5 , -CH 2 OH, 
-CN, etc.; preferred, among these, is -H or -CH 3 . 

[01 99] A vinyl polymer having a hydroxyl group, preferably at its terminus, can be produced by the above-mentioned 
technology for polymerizing a vinyl monomer using an organohalogen compound or a sulfonyl halide compound as 
the initiator and a transition metal complex as the catalyst or the above-mentioned technology for polymerizing a vinyl 
monomer using a hydroxyl group-containing compound as the chain transfer agent, preferably by the former method 
The specific technique which can be used for producing a hydroxyl-contalning vinyl polymer is not restricted but includes 
the following processes In addition to the above-mentioned processes. 

(a) The process which comprises subjecting a compound having both a polymerizabie alkenyl group and a hydroxy! 
group as represented by the following general formula (34) to reaction as a second monomer in synthesizing the vinyl 
polymer by living radical polymerization: 



H^CtR^J-R^-R^-OH (34) 

wherein R 32 represents an organic group containing 1 to 20 carbon atoms, preferably a hydrogen atom or a methyl 
group, and may be the same or different within the molecule; R 33 represents -C(0)0- (an ester group) or an o-, m- or 
p-phenylene group; R 34 represents a direct bond or a bivalent organic group containing 1 to 20 carbon atoms which 
may optionally contain one or more ether linkages. The compound in which R 33 represents an ester group is a (meth) 
acrylate compound and the compound in which R 33 represents a phenylene group is a styrenic compound. 
[0200] The timing of reacting the compound having both a polymerizabie alkenyl group and a hydroxyl group per 
molecule is not particularly restricted but, when the expression of rubber-like properties are expected, the compound 
is subjected to reaction as a second monomer preferably at the final stage of the polymerization reaction or after 
completion of the reaction of the predetermined vinyl monomer. 

(b) The process which comprises subjecting a compound having a sparingly polymerizabie alkenyl group and a hydroxyl 
group per molecule to reaction as a second monomer at the final stage of the polymerization reaction or after completion 
of the reaction of the predetermined vinyl monomer in synthesizing the vinyl polymer by living radical polymerization. 
[0201] Such compound is not particularly restricted but includes, among others, compounds represented by the 
general formula (35) ; 

H 2 C=C(R 32 )-R 35 -OH (35) 
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wherein R 32 is as defined above and R 35 represents a bivalent C^o organic group optionally containing one or more 
ether linkages. 

[0202] The compound represented by the above general formula (35) is not particularly restricted but alkenyl alcohols 
such as 10-undecenol, 5-hexenol and allyl alcohol are preferred from availability points of view. 
s (c) The process disclosed In Japanese Kokai Publication Hei-04-1 32706, for instance, which comprises terminally 
introducing a hydroxy I group by hydrolyzing the halogen of a vinyl polymer having at least one carbon-halogen bond, 
represented by the general formula (30), as obtained by atom transfer radical polymerization or reacting the halogen 
with a hydroxyl-containing compound. 

(d) The process which comprises reacting a vinyl polymer having at least one carbon-halogen bond, represented by 
10 the general formula (30), as obtained by atom transfer radical polymerization with a stabilized, hydroxyl-containing 
carbanion such as the one represented by the general formula (36) to thereby effect substitution for the halogen: 



15 



45 



M + C"(R 36 ) (R^-R^-OH (36) 



wherein R 35 is as defined above; R 3S and R 37 each represents an electron-withdrawing group stabilizing the carbanion 
C- or one of them represents such an electron-withdrawing group and the other represents a hydrogen atom, an alky! 
group containing 1 —1 0 carbon atoms or a phenyl group. As the electron-withdrawing group R 36 and/or R 37 , there may 
be mentioned -CO z R (ester group) , -C(0)R (keto group), -CON(R 2 ) (amide group), -COSR (thioester group), -CN 
20 (nitrile group) and -N0 2 (nitro group), among others. The substituent R is an alkyl group containing 1 to 20 carbon 
atoms, an aryl group containing 6 to 20 carbon atoms or an aralkyl group containing 7 to 20 carbon atoms and preferably 
is an alkyl group containing 1 to 10 carbon atoms or a phenyl group. Particularly preferred as R 35 and R 37 are -C0 2 R, 
-C(0)Rand-CN. 

(e) The process which comprises reacting a vinyl polymer having at least one carbon-halogen bond, represented by 
25 the general formula (30), as obtained by atom transfer radical polymerization with an elemental metal, such as zinc, 

or an organometal compound and then reacting the thus-prepared enolate anion with an aldehyde or ketone. 

(f) The process which comprises reacting a vinyl polymer having at least one terminal halogen atom, preferably a 
halogen represented by the general formula (30), with a hydroxyl-containing oxyanion represented by the general 
formula (37) shown below or the like or a hydroxyl-containing carboxy late anion represented by the general formula 

30 (38) shown below or the like to thereby substitute a hydroxyl-containing substituent for the halogen: 

HO-R 35 -0"M+ (37) 

35 wherein R as and M + are as defined above; 

HO-R 35 -C(0)0"M + (38) 

40 __ 

wherein R 35 and M + are as defined above. 

[0203] In the practice of the invention, when any halogen is not directly involved in introducing a hydroxy I group, as 
in the processes (a) and (b), the process (b) is comparatively more preferred since the control is easier. In cases where 
the hydroxy! group introduction is effected by converting the halogen of a vinyl polymer having at least one carbon- 
halogen bond, as in the processes (c) to (f), the process (f) is comparatively more preferred since the control is easier. 
[0204] The process ® is now described. 
® The process which comprises reacting a hydroxyl-containing vinyl polymer with a diisocyanate compound and 
causing the residual isocyanato group to react with a compound of the general formula (39). 

so HO-R 31 -OC(0)C(R 13 )=CH 2 (39) 

[wherein R 13 represents a hydrogen atom or an organic group containing 1 to 20 carbon atoms; R 31 represents a 

bivalent organic group containing 2 to 20 carbon atoms] 
55 [0205] The compound represented by the general formula (39) is not particularly restricted. As specific examples of 
55 R 13 , there can be mentioned -H, -CH 3 , -CH 2 CH 3 , -(CH 2 ) n CH 3 (n represents an integer of 2-19), «C B H 5 , -CH 2 OH, -CN, 

etc.; the preferred, among these, Is -H or -CH 3 . As a specific compound, there can be mentioned 2-hydroxypropyl 

methacrylate. 
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[0206] The hydroxyl-terminated vinyl poiymer is as described above. 

[0207] The diisocyanate compound for use is not particularly restricted and may be any of the hitherto-known iso- 
cyanates, such as toiuylene diisocyanate, 4,4'-diphenylmethane diisocyanate, hexamethyl diisocyanate, xyiylene di- 
isocyanate, m-xylylene diisocyanate, 1 ,5-naphthalene, diisocyanate, hydrogenated diphenylmethane diisocyanate, hy- 
drogenated toiuylene diisocyanate, hydrogenated xyiylene diisocyanate, isophorone diisocyanate, and so on. These 
may be used each independently or two or more of them may be used in combination. Blocked isocyanates may also 
be used. 

[0208] As the polyfu notional isocyanate compound (b) for insuring an improved weather resistance, It is preferable 
to use an aromatic ring-free diisocyanate compound such as hexamethylene diisocyanate and hydrogenated diphe- 
nylmethane diisocyanate. 

[High molecular piasticizer for (D) component] 

[0209] The high molecular piasticizer (D) for use In the third aspect of the Invention has a number average molecular 
weight of 500 to 15000. By adding this high molecular piasticizer, not only the viscosity and slump of the curable 
composition and the mechanical characteristics, such as tensile strength and elongation, of the cured product obtain- 
able from said composition can be liberally controlled but, compared with the use of a low molecular piasticizer not 
containing a polymer component In the molecule, the Initial physical properties can be maintained for an extended time 
period and the drying properties of the alkyd coat applied to the cured product (i.e. coatability) can be improved. It is 
to be understood that the high molecular piasticizer in the third aspect of the invention Is not a piasticizer having a 
group of the above general formula (1). 

[0210] While the number average molecular weight of said high molecular piasticizer is 500 to 15000 as mentioned 
above, the preferred range is 800 to 1 0000 and the more preferred range is 1 000 to 8000. When the molecular weight 
is too low, the piasticizer is caused to leach out by heat and rainwater so that the initial physical properties cannot be 
maintained long and the alkyd coating coatability of the cured product cannot be improved. On the other hand, when 
the molecular weight is too high, the viscosity is increased to detract from workability. 

[021 1 ] As examples of said high molecular piasticizer, there can be mentioned vinyl polymers obtainable by polym- 
erizing said vinyl monomers by various techniques; polyester piasticizers obtainable from dibasic acids such as sebacic 
acid, adipic acid, azelalc acid, phthalic acid, etc. and dihydric alcohols such as ethylene glycol, Methylene glycol, 
Methylene glycol, propylene glycol, dipropylene glycol, etc.; polyethers such as polyethylene glycol, polypropylene 
glycol, polytetramethylene glycol, etc. and derivatives obtainable by converting the hydroxyl groups of such polyether 
polyols to ester, ether or other groups; polystyrenes such as polystyrene, poIy(a-methylstyrene), etc.; polybutadiene, 
polybutene, polyisobutylene, butadiene-acrylonltriie, polychloroprene, and paraffin chloride, among others. 
[0212] Among these high molecular piasticizers, the preferred are piasticizers compatible with the crosslinking func- 
tional group-containing polymer (A3). From the standpoint of compatibility, weather resistance and heat resistance, in 
particular, vinyl polymers are preferred. The preferred, among said vinyl polymers, are (meth)acrylic polymers, with 
acrylic polymers being particularly preferred. As the mode of synthesizing such polymers, living radical polymerization 
is preferred because the method is conducive to a narrow molecular weight distribution and a low viscosity, with the 
atom transfer radical polymerization technique being particularly preferred. 

[0213] The molecular weight distribution of the high molecular piasticizer (D) Is not particularly restricted but is pref- 
erably narrow enough, namely less than 1 .8. It Is more preferably not more than 1.7, still more preferably not more 
than 1 .6, further more preferably not more than 1 .5, particularly not more than 1 .4, most preferably not more than 1 .3. 
[0214] The high molecular piasticizers mentioned above may be used each independently or in a combination of two 
or more thereof. Where necessary, these piasticizers can be used in combination with low molecular piasticizers within 
the range not adversely affecting the physical properties. 

[0215] The amount of use of said high molecular piasticizer (D) is 5 to 150 weight parts, preferably 1 0 to 120 weight 
parts, more preferably 20 to 100 weight parts, based on 100 weight parts of the vinyl polymer having at least one 
crosslinking functional group as (A3) component. At an amount below 5 weight parts, the effect expected of a piasticizer 
is not expressed. If the amount exceeds 150 weight parts, the mechanical strength of the cured product will not be as 
high as desired. 

[0216] Depending on the kind of crosslinking functional group, the curable composition according to the third aspect 
of the invention calls for addition of a curing catalyst and curing agent. Moreover, depending on the desired physical 
properties, a variety of additives may also be formulated. 
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<Curing catalyst/curing agent> 

In the case of a crosslinklng sllyi group 

[0217] The crosslinklng sllyl group-containing polymer crosslinks and cures as It undergoes siloxane bonding in the 
presence or absence of one of the known condensation catalysts. As regards the properties of the cured product, a 
broad spectrum of products ranging from a rubbery one to a resinous one can be liberally obtained according to the 
molecular weight and backbone structure of the polymer. As such a condensation catalyst, the catalysts mentioned 
hereinbefore can be mentioned. 

[0218] These catalysts can be used each independently or in a combination of two or more thereof. The formulating 
amount of the condensation catalyst is preferably about 0.1 to 20 weight parts, more preferably 1 to 10 weight parts, 
relative to 1 00 weight parts of the vinyl polymer having at least one crosslinking sllyl group (A3) . When the formulating 
amount of the silanol condensation catalyst is below the above range, the curing velocity may be decreased so that 
the curing reaction may not proceed fully. On the other hand, when the formulating amount-of the silanol condensation 
catalyst exceeds the above range, local heating and foaming tend to take place In curing to make it Impossible to obtain 
a satisfactory cured product. Moreover, since the pot life of the composition Is shortened, workability Is adversely 
affected. 

[0219] In the curable composition of the Invention, a silanol group-free silicon compound of the following general 
formula (40) may be formulated for the purpose of enhancing the condensation catalyst activity: 

R 49 R Si (OR 50 )^ (40) 

(wherein R 49 and R 50 each independently represents a substituted or unsubstituted C^ 2 o hydrocarbon group; a rep- 
resents any of 0, 1 , 2 and 3). 

[0220] The silicon compound mentioned just above is not particularly restricted but is preferably the compound of 
the general formula (40) wherein R 4 ® is an aryl group containing 6 to 20 carbon atoms, such as, for example, phenylt- 
rimethoxysilane, phenylmethyldimethoxysilane, phenyldimethyImethoxysilane t diphenyldimethoxysilane, diphenyldi- 
ethoxysilane and triphenylmethoxysifane, for such compound has the accelerating effect on curing reaction of the 
composition. Particularly, diphenyldimethoxysilane and diphenyldlethoxysilane are most preferred from availability and 
cost points of view. 

[0221 ] The formulating amount of said silicon compound is preferably about 0.01 to 20 weight parts, more preferably 
0. 1 to 1 0 weight parts, based on 1 00 weight parts of the vinyl polymer having at least one crosslinklng sllyl group (A3). 
When the formulating amount is below the above range, the accelerating effect on curing reaction tends to be de- 
creased. On the other hand, when the silicon compound is formulated in excess of the above range, the hardness and 
tensile strength of the cured product tend to be decreased. 

In the case of an alkenyl group 

[0222] For the crosslinking through an alkenyl group, the crosslinking reaction is preferably, but not essentially, ef- 
fected by hydrosilylation using a hydrosilyl group-containing compound as the curing agent together with a hydrosi- 
lylation catalyst. 

[0223] The hydrosilyl group-containing compound is not particularly restricted inasmuch as It is a hydrosilyl compound 
capable of curing an alkenyl group-containing polymer through crosslinking and various compounds can be utilized. 
Thus, for example, there can be employed linear poiyslloxanes represented by the general formula (41) or (42); 

R 51 3 SiO-[Si(R 51 ) 2 0] a -[SKH)(R K )0] b -[Si(R 52 KR 53 )0] c .SiR 51 3 (41) 

R 51 2 SiO-[Si(R 51 ) 2 0] a -[SI(H) (R 52 )0] b -[SI(R 52 ) (R 53 )0] C -S1R 51 2 H (42) 

(In the above formulae, R 51 and R 52 each represents an alkyl group containing 1 to 6 carbon atoms or a phenyl group; 
R53 represents an alkyl or aralkyl group containing up to 10 carbon atoms; a represents an integer of 0 £ a £ 100; b 
represents an integer of 2 £ b <, 1 00; c represents an integer of 0 <> c <> 1 00) and cyclic siloxanes represented by the 
general formula (43) 
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(43) 



(wherein R^and R 55 each represents an alkyl group containing 1 to 6 carbon atoms or a phenyl group; R 56 represents 
an alkyi or araikyl group containing up to 10 carbon atoms; d represents an integer of 0 < d £ 8; e represents an integer 
of 2 < e £ 1 0; f represents an integer of 0 £ f < 8; the relation of3<d + e + f<10is satisfied) 

[0224] These compounds can be used each independently or two or more of them may be used in admixture. Among 
the above siloxanes, the compounds preferred from the standpoint of compatibility with (meth)acrylic polymers are 
phenyl-contalnlng linear siloxanes represented by the following genera] formula (44) or (45) and cyclic siloxanes rep- 
resented by the genera! formula (46) or (47). 



(CH 3 ) 3 SiO-[Si(H) (CH 3 )0] g -[Si(C 6 H 5 ) 2 0] h -Si(CH 3 )3 



(44) 



(CH 3 ) 3 SiO-[Si(H) (CH 3 )0] g -[Si(CH 3 ) {CH 2 C(H)(R S7 )C 8 H 5 }0] h -Si (CH 3 ) 3 



(45) 



(in the above formulae, R 57 represents a hydrogen atom or a methyi group; g represents an integer of 2 < g ^ 100; h 
represents an integer of 0 <> h <, 1 00; C 6 H 5 stands for a phenyl group) ~ ~ ~ 
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C 8 H 5 
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CH 3 C^Rs 
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H CHg 

(SjOHSip), 
CR, 



R 57 



(47) 



(in the above formulae, R 57 represents a hydrogen atom or a methyl group: i represents an integer of 2 £ i £ 1 0 and j 
represents an integer of 0 £ j ^ 8, with the condition of 3 < i + j £ 1 0 satisfied^ C 6 H 5 stands for a phenyl group) 
[0225] Also usable as the hydrosiiyl group-containing compound is a compound prepared by addition-reacting a 
hydrosifyl group-containing compound represented by any of the general formulae (41) through (47) with a iow molec- 
ular compound containing two ormorealkenyl groups per molecule in such amannerthat part of the hydrosiiyl functional 
group will remain after the reaction. As said compound containing 2 or more alkenyl groups, various compounds can 
be used. As examples, there can be mentioned hydrocarbon compounds such as 1 ,4-pentadiene, 1 ,5-hexadiene, 
1 ,6-heptadiene, 1 ,7-octadiene, 1 ,8-nonadiene, 1 ,9-decadiene, etc.; ether compounds such as O^'-dtaliylbispheno! A, 
a^'-dialiylbisphenol A, etc.; ester compounds such as diallyl phthalate, diailyl isophthalate,. triaiiyl trimellitate, tetraallyl 
pyromellitate, etc.; and carbonate compounds such as diethylene glycol diallylcarbonate and so on. 
[0226] The objective compound can be obtained by adding said alkenyl group-containing compound slowly dropwise 
to an excess of said hydrosiiyl group-containing compound represented by any of the general formulas (41 ) through 
(47) in the presence of a hydrosilylation catalyst. From the standpoint of availability of the starting compound, ease of 
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removal of the excess siloxane, and compatibility with the (A) component polymer, the following compounds are par- 
ticularly preferred. 
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(n represents an integer of 2 to 4; m represents an integer of 5 to 1 0) 

[0227] The polymer and curing agent can be admixed in an arbitrary ratio but, from curability points of view, the 
alkenyl-to-hydrosllyl molar ratio Is preferably In the range of 5 to 0.2, more preferably 2.5 to 0.4. If the molar ratio 
exceeds 5, curing will be Insufficient to give only a tacky cured product of low strength, if the ratio is smaller than 0.2, 
many active hydrosilyl groups remain unreacted after curing to cause cracks and voids, falling to provide a cured 
product of uniform strength. 

[0228] The curing reaction between the polymer and curing agent proceeds as they are admixed and heated but in 
order to expedite the reaction, a hydrosiiylation catalyst may be added. The hydrosilylatlon catalyst for such use Is not 
particularly restricted but includes a radical Initiator, such as an organic peroxide or an azo compound, and a transition 
metal catalyst. 

[0229] The radical initiator is not particularly restricted but includes dialkyl peroxides such as di-tert-butyi peroxide, 
2 f 5-dimethyl-2 l 5-di(tert-butylperoxy)hexane, 2,5-dimethyl-2 1 5-di(tert-butylperoxy)-3-hexyne > dicumyi peroxide, tert- 
butylcumyi peroxide and a.a'-bistfer^utyl-peroxyjisopropylbenzene, diacyl peroxides such as benzoyl peroxide, p- 
chlorobenzoyl peroxide, m-chlorobenzoyl peroxide, 2,4-dlchlorobenzoyl peroxide and lauroyl peroxide, peresters such 
as tert-butyl perbenzoate, peroxydicarbonates such as dilsopropyl peroxydicarbonate and di-2-ethylhexyl peroxydlcar- 
bonate, and peroxyketais such as 1,1-dl(tert-butylperoxy)cyciohexane and 1 ,1 -dl(tert-butylperoxy)-3,3,5-trlmethylcy- 
clohexane, among others. 

[0230] The transition metal catalyst is not particularly restricted but includes elemental platinum, solid platinum dis- 
persed on a matrix such as alumina, silica and carbon black, chloropiatinic acid, complexes of chlorop latin ic acid with 
alcohols, aldehydes, ketones orthe like, platinum-olefin complexes and piatinuh (0) -divinyltetramethyldisiloxane com- 
plex, among others. As examples of the catalyst other than platinum compounds, there may be mentioned RhCI(PPh 3 ) 3 , 



35 



EP1 179 567 A1 



RhCI 3t RuC! 3 , !rCI 3 , FeCI 3 , AICI 3> PdCI 2 -H 2 0, NiCI 2 , TiCI 4l etc. These catalysts may be used singly or two or more of 
them may be used combinedly. The amount of the catalyst is not particularly restricted but recommendably Is within 
the range of 10" 1 to 10-8 molej pr6 ferably within the range of 10* 3 to 10" 6 mole, per mole of the alkenyl group of the 
vinyl polymer (A3). When it Is less than 1 0" 8 mole, the curing may not proceed to a sufficient extent. Since the hydros- 
ilylation catalyst is expensive, it is recommehdable that this catalyst is not used in an amount exceeding 1(H mole. 
[0231] The curing temperature is not particularly restricted but is generally at 0 °C to 100 °C, preferably 30 °C to 
1 50 °C, more preferably at 80 D C to 1 50 °C. 

In the case of a hydroxy I group 

[0232] The hydroxyl group-containing polymer can be cured uniformly by using a compound having two or more 
functionai groups capable of reacting with the hydroxyl functional group as a curing agent. The curing agent includes 
polyisocyanates having two or more isocyanato groups in the molecule, methylolated melamine and its alkyl ethers or 
aminoplast resins such as low-condensation products thereof, polycarboxyllc acids and halldes thereof, among others. 
In producing a cured product using such a curing agent, a curing catalyst suited to each can be used. 

In the case of an amino group 

[0233] The amino group-containing polymer can be cured uniformly by using a compound having two or more func- 
tional groups capable of reacting with the amino function as a curing agent. As examples of the curing agent, there 
can be mentioned polyisocyanate compounds having two or more isocyanate groups in the molecule, methylolated 
melamine and its alkyl ethers or aminoplast resins such as low-condensation products thereof, polycarboxylic acids 
and halides thereof, among others. In producing a cured product using such a curing agent, a curing cataiyst suited 
to each can be used. 

in the case of an epoxy group 

[0234] The curing agent for the epoxy group-containing polymer is not particularly restricted but includes aliphatic 
amines, alicyclic amines, aromatic amines; acid anhydrides; polyamides; imidazoles; amineimldes; urea; melamine 
and its derivatives; polyamine salts ; phenolic resins; polymercaptans, polysulfides; and photo- or UV-curing agents 
such as aromatic diazonium salts, diallyliodonium salts, trialfylsulfonium salts, triallylselenium-salts and so on. 

in the case of a polymerlzable carbon-carbon double bond 

[0235] The polymer having a polymerizable carbon-carbon double bond can be crosslinked by polymerizing said 
polymerlzable carbon-carbon double bond. The crosslinking method includes curing by actinic radiation and curing by 
heat. In the case of an actinic radiation-curable composition, the photopoiymerization initiator is preferably a photo- 
radical Initiator or a photoanion initiator, I n a heat-curable composition, the thermal polymerization Initiator Is preferably 
a member selected from the group consisting of azo initiators, peroxides, persulfates and redox Initiators. 
[0236] These crosslinking reactions are now described In detail. 

[0237] For causing crosslinking of the polymer having a polymerizable carbon-carbon double bond, other polymer- 
lzable monomer(s) and/or oligomers and various additives may also be formulated according to the objective. As such 
polymerizable monomers and/or oligomers, it is preferable to use monomers and/or oligomers having radical -polym- 
erizable groups or monomers and/or oligomers having anion-polymerizable groups. As the radical-polymerizable 
groups, there can be mentioned an acrylic functional group such as (meth)acryloyl, styryl, acrylonitrile, vinyl ester, N- 
vinylpyrrolldone, acrylamlde, conjugated dlene, vinyl ketone, and vinyl chloride groups, among others. Among these, 
those having a (meth)acryloyi group are preferred. The anion-polymerizable groups include (meth)acryloyl, styryl, acry- 
lonitrile, N-vlnylpyrrolidone, acrylamlde, conjugated diene, and vinyl ketone groups, among others. Among these, those 
having an acrylic functional group are preferred. 

[0238] As examples of such monomers, there can be mentioned (meth)acrylate monomers, cyclic acrylates, N-vi- 
nylpyrrolidone, styrenic monomers, acrylonitrile, N-vinylpyrrolidone, acrylamide monomers, conjugated diene mono- 
mers and vinyl ketone monomers, among others. The (meth)acrylate monomers include n-butyl (meth)acrylate l 2-ethyl- 
hexyl (meth)acrylate, isooctyi (meth)acryiate, isononyl (meth)acrylate, and compounds of the following formulae. 
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[0239] The styrenic monomer includes styrene, a-methylstyrene, etc.; the acrylamide monomer includes acrylamide, 
N,N-dimethylacrylamide, etc.; the conjugated diene monomer includes butadiene, isoprene, etc.; and the vinyl ketone 
monomer includes methyl vinyl ketone, among others. 

[0240] The polyfunction^ monomer Includes neopentyl glycol polypropoxy diacrylate, trlmethylolpropane polyethoxy 
triacrylate, bisphenol F polyethoxy diacrylate, bisphenol A polyethoxy diacrylate, dipentaerythritol polyhexanoiide hex- 
aacrylate, tris(hydroxyethyl)isocyan urate polyhexanoiide triacrylate, tricydodecanedimethylol diacrylate, 2-(2-acryloy- 
loxy-1 ,1 -dlmethyl)-5-ethyl-5-acryloy!oxymethyl-1 ,3-dioxane, tetrabromobisphenol Adiethoxy diacrylate, 4,4-dimercap- 
todiphenyi sulfide dimethacrylate, polytetraethylene glycol diacrylate, 1 ,9-nonanediol diacrylate and ditrimethylolpro- 
pane tetraacrylate, among others. 

[0241] The oligomer includes epoxy acrylate resins such as bisphenol A epoxy acrylate resin, phenol novolac epoxy 
aery late resin, creso! novolac epoxy acrylate resin, etc., COO H -modified epoxy acrylate resins, urethane-acrylale res- 
ins obtainable by reacting a hydroxyl-containing (meth)acrylate [e.g. hydroxyethyl(meth)acrylate, hydroxypropyl (meth) 
acrylate, hydroxybutyl (meth)acryiate, or pentaerythritol triacrylate] with the urethane resin obtained from a polyol (e. 
g. polytetramethylene glycol, ethylene glycol-adipic acid pofyester diol, a-caprolactone-modified polyester diols, poly- 
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propylene glycol, polyethylene glycol, polycarbonate diols, hydroxy-terminated hydrogenated polyisoprene, hydroxy- 
terminated polybutadiene, hydroxy-terminated polyisobutylene, etc.) and an organic isocyanate (e.g. tolylene diisocy- 
anate, Isophorone diisocyanate, diphenylmethane diisocyanate, hexamethylene diisocyanate, xylylene diisocyanate, 
etc.), and resins synthesized by introducing (meth) acryloyl groups into said polyols through ester linkages, and poly- 
ester aery late resins. 

[0242] These monomers and oligomers are selected with reference to the polymerization initiator and curing condi- 
tions to be used. 

[0243] The number average molecular weight of the acrylic functional group-containing monomer and/or oligomer 
is preferably not larger than 2000 and, from a compatibility point of view, is more preferably not larger than 1000. 
[0244] The crossllnking of the polymer having a polymerizable carbon-carbon double bond is preferably effected by 
means of an actinic radiation such as UV light and an electron beam. 

[0245] For the crossllnking by an actinic radiation, a photopolymerization initiator is preferably formulated. 
[0246] The photopolymerization initiator that can be used in this invention is not particularly restricted but is preferably 
a photoradical initiator or a photoanionlc initiator, more preferably a photoradlcal Initiator. For example, there can be 
mentioned acetophenone, proplophenone, benzophenone, xanthol, fluorene, benzaidehyde, anthraqulnone, triphe- 
nylamine, carbazole, 3-methylacetophenone, 4-methylacetophenone, 3-pentyIacetophenone, 4-methoxyacetophe- 
none; 3-bromoacetophenone, 4-ailylacetophenone, p-diacetylbenzene, 3-methoxybenzophenone, 4-methylbenzophe- 
none, 4-chlorobenzophenone, 4,4-dlmethoxybenzophenone, ^chloro-^-benzyibenzophenone, 3-chloroxanthone, 
3,9-dichloroxanthone, 3-chloro-8-nonylxanthone, benzoin, benzoin methyl ether, benzoin butyl ether, bis(4-dimethyl- 
aminophenyl) ketone, benzyl methoxy ketal and 2-chlorothioxanthone. These initiators can be used alone or in com- 
bination with other compounds. As specific examples, there can be mentioned combinations with an amine such as 
dlethanoimethyiamine, dimethylethanolamlne, triethanolamine or the like, said combinations further including an iodo- 
nium salt such as diphenyliodonium chloride, and combinations with a pigment, e.g. methylene blue, and an amine. 
[0247] As the near-infrared photopolymerization initiator, cationic dyes absorbing in the near infrared (IR) region of 
the spectrum can be used. As such near IR-absorbing cationic dyes, it is preferable to use the near-IR-absorbing 
cationic dye-borate anion complexes which are excited by photoenergy within the range of 650 to 1 500 nm as disclosed 
in Japanese Kokai Publication Hel-3-111402 and Japanese Kokai Publication Hel-5-194619, among others, and it is 
still more advantageous to use a boron-type sensitizer in combination. 

[0248] The addition amount of the photopolymerization initiator need only be just enough to slightly photof unctlonallze 
the system and is not particularly restricted but is preferably 0.001 to 10 weight parts based on 1 00 weight parts of the 
polymer component of the composition. 

[0249] The mode of curing the actinicradiatlon -curable composition of the invention is not particularly restricted, but 
depending on the properties of the particular photopolymerization initiator, a high-pressure mercury vapor lamp, a low- 
pressure mercury vapor lamp, an electron beam irradiation apparatus, a halogen lamp, a light-emitting diode and a 
semiconductor laser, among others, can be selectively employed as the light source. 

[0250] The crossllnking of said polymer having a polymerizable carbon-carbon double bond Is preferably effected 
by means of heat. 

[0251] For crossllnking by actinic radiation, a thermal polymerization initiator is preferably formulated. The thermal 
polymerization Initiator that can be used In this Invention Is not particularly restricted but Includes azo compounds, 
peroxides, persulfates and redox initiators. 

[0252] Suitable azo Initiators Include but are not limited to 2,2 , -azobis(4-methoxy-2,4-dimethyivaleronitrlle) (VAZO 
33), 2,2 , -azobls(2-amldlnopropane) di hydrochloride (VAZO 50), 2,2'-azobis(2 f 4-dimethylvaleronltrile) (VAZO 52), 2,2'- 
azobis(isobutyronitrile) (VAZO 64), a^'-azobis^-methylbutyronitrile (VAZO 67), 1 ,1-azobis{1 -cyclohexanecarbonitrile) 
(VAZO 88) (all available from DuPont Chemical), 2,2 -azobis(2-cyclopropyipropionitrile), and 2,2'-azobis(methyl isobu- 
tyrate) (V-601) (available from Wako Pure Chemical Ind.), among others. 

[0253] Suitable peroxide Initiators include but are not limited to benzoyl peroxide, acetyl peroxide, lauroyl peroxide, 
decanoyl peroxide, dicetyl peroxydicarbonate, dl(4-t-butylcyclohexyl) peroxydicarbonate (Perkadox 16S) (available 
from Akzo Nobel) , di (2-ethylhexyl) peroxydicarbonate, t-butyl peroxyplvalate (Lupersol 11) (available from Elf Ato- 
chem), t-butyl peroxy-2-ethyl hexanoate (Trigonox 21-C50) (available from Akzo Nobel), and dicumyl peroxide. 
[0254] Suitable persutfate initiators include but are not limited to potassium persuifate, sodium persulfate and am- 
monium persulfate. 

[0255] Suitable redox (oxidation-reduction) initiators include but are not limited to combinations of said persulfate 
Initiators with a reducing agent such as sodium hydrogen metasuifite and sodium hydrogen sulfite; organic peroxide- 
tertiary amine systems, e.g. benzoyl peroxide-dimethylaniiine; and organic hydroperoxide-transition metal systems, e. 
g. cumene hydroperoxide-cobalt naphthenate. 

[0256] Other initiators include but are not limited to pinacols such as tetrapheriyl-1 ,1 ,2,2-ethanediol. 

[0257] Preferred thermal radical Initiators can be selected from among azo initiators and peroxide initiators. Still more 

preferred are 2,2'-azobts(methyl isobutyrate), t-butyl peroxyplvalate, di(4-t-butylcyclohexyl) peroxydicarbonate, and a 
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mixture thereof. 

[0258] The thermal polymerization initiator to be used in the present invention should be added in a catalytically 
effective amount which is not particularly restricted but is typically about 0.01 to 5 weight parts, preferably about 0.025 
to 2 weight parts, based on 1 00 weight parts of the polymer having an acrylic functional group in at least one terminal 
position and said other mixture of monomers and oligomers. When an initiator mixture is used, the total amount of 
initiators in the mixture corresponds to the amount of any such initiator used singly. 

[0259] The method of curing the heat-curable composition of the invention is not particularly restricted. The curing 
temperature is dependent on the thermal initiator, polymer (A3) and specific compounds to be added but, for all practical 
purposes, is preferably in the range of 50 °C to 250 °C, more preferably 70 °C to 200 °C. The cure time, which depends 
on the polymerization initiator, monomer, solvent, reaction temperature and other variables, is generally in the range 
of 1 minute to 10 hours. 

[0260] In addition, the same adhesion-imparting agent, filler, solid-state modifier, thixotropic agent (antisagging 
agent), and other additives as mentioned for the first aspect of the invention can be similarly formulated. 
[0261] The curable composition according to the third aspect of the invention can be prepared as a one-component 
system such that all the components are premlxed and sealed and, after application, let the whole be cured in situ by 
atmospheric moisture or as a two-component system such that a curing agent comprising the curing catalyst, filler, 
plasticizer, water, etc. and a polymer composition are admixed prior to application. 

[0262] The curable composition according to the third aspect of the Invention finds application In a broad spectrum 
of uses, for example sealants such as architectural elastic sealants, composite-glass sealants, electric/electronic ma- 
terials such as a solar cell back sealant, etc., electrical insulating materials such as conductor/cable Insulation sheaths, 
etc. , adhesives, self-adhesives, elastic adhesives, coatings, powder coatings, coating dopes, foams, electric/electronic 
potting materials, film, gaskets, potting compounds, various molding compounds, rust-preventive, water-proofing seal- 
ants for wire-reinforced glass or laminated glass edges (cut edges) and so on. 

«The fourth aspect of the invention» 

[0263] The curable composition according to the fourth aspect of the invention is now described. 

[0264] The curable composition according to the fourth aspect of the invention comprises (A4) a vinyl polymer having 

a crosslin king silyl group and (E) a reactive plasticizer (generally called "reactive diluent", too). 

[The vinyl polymer for (A4) component] 

[0265] The (A4) component according to the fourth aspect of the invention is a vinyl polymer having not less than 

1 .1 of crossiinking silyl group represented by the general formula (1) given hereinabove on the average per molecule, 
which crosslinks and cures by siioxane bonding. The general formula (1) representing the crossiinking silyl group in 
the (A4) component is identical to the general formula (1 ) representing the crossiinking silyl group in the (A1 ) component 
in the first aspect of the invention. 

[0266] When the average number of crossiinking silyl groups of the general formula (1) per molecule Is less than 
1 .1 , a sufficiently cured product cannot be obtained. The average number, per molecule, of crossiinking silyl groups 
of the general formula (1) which Is necessary to provide a sufficiently cured product is generally 1 .1 to 5, preferably 

1 .2 to 4, more preferably 1 .3 to 3. 

[0267] The monomer constituting the main chain of the polymer is not particularly restricted as far as it is a vinyl 
monomer, and includes those mentioned for the first aspect of the invention. 

[0268] From the standpoint of physical properties, the vinyl polymer having not less than 1 . 1 of the defined crossiink- 
ing silyl groups on the average is preferably a (meth)acryiic polymer synthesized by using a (meth)acryiic monomer, 
among said monomers, in a proportion of not less than 40 weight %. The still more preferred is an acrylic polymer 
synthesized by using an acrylic monomer, among said various monomers, in a proportion of not less than 30 weight %. 
[0269] The number average molecular weight of the vinyl polymer having not less than i .1 of said crossiinking siiyl 
groups on the average is not particularly restricted but is preferably within the range of 500 to 1 00000. At a molecular 
weight less than 500, the intrinsic characteristics of a vinyl polymer are hardly manifested and, at above 100000, 
handling may become difficult in some instances. 

[0270] The molecular weight distribution, namely the ratio (Mw/Mn) of weight average molecular weight (Mw) to 
number average molecular weight (Mn), of the vinyl polymer having not less than 1 .1 of said crossiinking silyl groups 
on the average is not particularly restricted. For facilitating handling by controlling the viscosity of the curable compo- 
sition at a low amount while securing sufficient cured physical properties, however, a narrow molecular weight distri- 
bution is preferred. The molecular weight distribution value is preferably less than 1 .8, more preferably not more than 
1 .7, still more preferably not more than 1,6, yet more preferably not more than 1 .5, still more preferably not more than 
1 .4, most preferably not more than 1 .3. Most prevalently, the molecular weight distribution is determined by gel per- 
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meation chromatography (GPC). The number average molecular weight and so on can be determined on the polysty- 
rene equivalent basis using chloroform or THF as the mobile phase and polystyrene gel columns as columns. 
[0271] The method of synthesizing a vinyl polymer having not less than 1 .1 of said crossllnking silyl groups on the 
average per molecule Is not particularly restricted but includes various methods described hereinabove for the tirst 

5 aspect of the Invention. Among them, a synthetic procedure utilizing a living radical polymerization technique Is pre- 
ferred and a procedure utilizing the atom transfer radical polymerization technique is more preferred. As typical pro- 
duction methods, the same processes as said synthetic methods A and B for the (A1) component can be mentioned. 
[0272] When the curable composition according to the fourth aspect of the invention Is required to give a cured 
product having rubber- like properties in particular, it is preferable that said crossl inking silyl group is present In the 

10 numberof notlessthan 1.1 ontheaverage atthe molecular chain terminus, forthe molecular mass between crossllnking 
points, which has considerable bearings on rubber elasticity, can then be large. More preferably, all crossllnking silyl 
groups are located at molecular chain termini. 

[The reactive plastlclzer for (E) component] 

15 

[0273] The reactive plastlclzer for use as the (E) component In the fourth aspect of the invention, which Is predom- 
inantly composed of a vinyl polymer having not more than one of crossllnking silyl group represented by the general 
formula (1) exclusively at one molecular chain terminus on the average per molecule, that is to say a vinyl polymer 
having said crossllnking silyl group of the general formula (1) at one terminus oniy and not having said crossllnking 
20 silyl group of the general formula (1) atthe othertermlnus. By adding this reactive plasticizer(E), not oniy the workability 
with the curable composition In both the formulation stage and the application stage can be improved but also a good 
flexibility can be imparted to the cured product and the adverse effect of plastlclzer migration will be suppressed. 
[0274] While the number of crossllnking silyl groups in the (E) component in the fourth aspect of the invention is 
defined as being "not more than one on the average", this definition takes into account the impurity having no crosslink- 
's ing silyl group. For example, even when the vinyl polymer having one crosslinking silyl group is produced by the method 
described hereinafter, it is still difficult to avoid by-productlon of a vinyl polymer not having the crosslinking silyl group. 
Furthermore, It is difficult to selectively eliminate the fraction not having the crosslinking silyl group from the reactive 
plastlclzer as a polymer (unlike the elimination of low-molecular compounds). Therefore, the number of crosslinking 
silyl groups in the reactive plastlclzer is not more than one on the average. Furthermore, when the (E) component in 
30 the fourth aspect of the invention is identified by analysis, the number of crossllnking silyl groups in the reactive pias- 
ticizer may sometimes be found only as the average value, so that the average value in the present invention is used 
for the crosslinking silyl group. 

[0275] The reactive plastlclzer (E) in the fourth aspect of the invention has a crosslinking silyl group only at one 
molecular chain terminus so that, unlike the vinyl polymer (A4), it is substantially incapable of forming a crosslink by 

■35 itself. However, when cured along with the (A4) component, one molecular chain terminus provided with the crosslinking 
silyl group reacts with the crossllnking silyl group of the (A4) component and, as a consequence, the reactive plastlclzer 
(E) is taken up in the cured product. However, since the (E) component has a molecularchain terminus not participating 
In crosslinking, It functions as a plastlclzer. As the (E) component Is taken up In the cured product through crosslinking 
and, hence, Is not substantially extracted out into the environment such as water, oil, solventor air, the aging of physical 

40 properties and environmental contamination due to a migration of the plastlclzer which tends to occur often with the 
conventional plastlclzer are lessened. 

[0276] The preferred crossllnking silyl group of the reactive plastlclzer (E) Is the same as the sllyi group of the com- 
ponent (A4). 

[0277] As the vinyl monomer constituting the main chain of said reactive plasticizer (E), any of the vinyl monomers 
45 which can be used for said (A1 ) component can be used and these can be used each independently or in a combination 
of two or more thereof. However, since the (E) component should be a vinyl polymer having a crosslinking silyl group 
at only one molecular chain terminus, monomers containing crosslinking silyl groups cannot be used except when a 
crosslinking silyl group is to be Introduced Into the molecular chain terminus. 

[0278] The reactive plasticizer (E) is preferably a (meth)acrylic poiymer obtainable by a synthetic process using a 
so (meth)acryiic monomer, among said various monomers, in a proportion of not less than 40 weight %. Furthermore, 
said reactive plasticizer is preferably an acrylic poiymer obtained by a synthetic process using an acrylic monomer, 
among said various monomers, in a proportion of not less than 30 weight %. 

[0279] The reactive plasticizer (E) mentioned above is preferably a plasticizer which Is liqu id in the formulation stage 
or application stage of the curable composition and, moreover, is preferably lower in viscosity than the vinyl poiymer 
55 having a crosslinking silyl group (A4) . Moreover, it is preferable that, when these components are admixed, either a 
homogeneous state or a microscopic phase-separation state be assumed. 

[0280] The number average molecular weight of said reactive plasticizer (E) is preferably 500 to 1 5000, more pref- 
erably 800 to 1 0000. The still more preferred molecular weight range is 1 000 to 8000. When the molecular weight of 
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(E) is less than 500, the effect expected of a reactive plasticizer is not expressed. When it exceeds 1 5000, the viscosity- 
lowering effect is not expressed. 

[0281 J The molecular weight distribution of the reactive plasticizer (E) is not particularly restricted but, in terms of 
viscosity-lowering effect, is preferably narrow enough, i.e. less than 1 .8. The distribution value Is more preferably not 
more than 1 .7, still more preferably not more than 1 .6, more preferably not more than 1 .5, particularly not more than 
1 .4, most preferably not more than 1 .3. 

[0282] The vinyl polymer (E) having not more than one of crosslinking silyl group of the general formula (1) on the 
average can be produced by various alternative methods. Thus, the following methods [G] to [K], though not limited 
thereto, can be mentioned. 

[G] A method which comprises adding a hydrosilane compound having a crosslinking silyl group to a vinyl polymer 
having an alkenyl group only at one molecular chain terminus. 

[0283] This production method [G] Is similar to the production method [A] for the (A1 ) component but different in that 
a vinyl polymer having an alkenyl group only at one mo lecuiar chain terminus is employed. The vinyl polymer having 
an alkenyl group only at one molecular chain terminus can be prepared by the alternative processes [G-a] to [G-fl to 
be described hereinafter, although these processes are not exclusive choices. 

[H] A method which comprises reacting a vinyl polymer having a hydroxy! group only at one molecular chain terminus 
with a compound having both a crosslinking silyl group and a functional group capable of reacting with a hydroxyl 
group, such as an Isocyanato group. 

[0284] The above production method [H] is similar to the production method [B] for the (A1 ) component but different 
only In that a vinyl polymer having a hydroxyl group only at one molecular chain terminus Is used as the substrate 
polymer. The vinyl polymer having a hydroxyl group only at one molecular chain terminus can be produced by the 
processes [H-a] to [H-f] to be described hereinafter, although these processes are not exclusive choices available. 

[I] A method for synthesizing a vinyl polymer by a living radical polymerization technique using an initiator having one 
initiation point, which comprises reacting a compound having both a polymerlzable alkenyl group and a crosslinking 
silyl group in the terminal stage of the polymerization reaction or, after completion of the reaction of the predetermined 
vinyl monomer. 

[0285] As the compound having both a polymerizable alkenyl group and a crosslinking silyl group for use In the above 
production method [I], there can be mentioned compounds represented by the above general formula (1 7). The initiator 
having one initiation point for use in the living radical polymerization will be described later herein: 
[J] A method which comprises subjecting a vinyl monomer to radical polymerization using a crosslinking silyl group- 
containing chain transfer agent. 

[0286] The crosslinking silyl group-containing chain transfer agent for use in the above method [J] for synthesis is 
not particularly restricted as far as it is capable of introducing a crosslinking silyl group into only one molecular chain 
terminus. Thus, for example, there can be mentioned the crosslinking silyl group-containing mercaptans disclosed in 
Japanese Kokoku Publication Hei-3-14068, for instance, namely 3-mercaptopropyltrimethoxysilane, S-mercaptopro- 
pyltriethoxysilane, 3-mercaptopropylmethyldimethoxysilane, etc., and ths crosslinking silyl group-containing hydrosi- 
lanes which are disclosed in Japanese Kokoku Publication Hei-4-55444, for instance. Furthermore, radical initiators 
having a crossllnlng silyl group may also be employed. 

[K.] A method which comprises reacting a vinyl polymer having a highly reactive carbon-halogen bond at only one 
molecular chain terminus with a stable, crosslinking sllyi group-containing carbanlon. 

[0287] The above production method [K] is similar to the production method [E] for the (A1 ) component except that 
a vinyl polymer having a highly reactive carbon-halogen bond at only one molecular chain terminus is used as the 
polymer. Such a vinyl polymer having a highly reactive carbon-halogen bond at only one molecular chain terminus can 
be produced by the process [K-a] to be described later herein, among other processes. 

[0288] The processes [G-a]~[G-J] for producing the vinyl polymer having an alkenyl group at one molecular chain 
terminus, which Is to be used in the above production method [G], is described. 

[0289] The following processes [G-a] and [G-b] are exemplary processes for directly synthesizing a vinyl polymer 
having an alkenyl group only at one molecular chain terminus by a living radical polymerization technique using an 
initiator having one initiation point. The initiator having one initiation point for use in this living radical polymerization 
will be described later herein. 

[G-a] A process for synthesizing a vinyl polymer by a living radical polymerization technique using an initiator having 
one initiation point, which comprises reacting a compound having both a polymerlzable alkenyl group and a sparingly 
polymerizable alkenyi group in a terminal stage of polymerization reaction or after completion of the reaction of the 
predetermined vinyl monomer. 

[0290] As the compound having both a polymerizable alkenyl group and a sparingly polymerizable alkenyl group for 
use in the above production process [G-a], there can be mentioned compounds represented by the above general 
formula (7). 

[G-b] A process in which, in synthesizing a vinyl polymer by a living radical polymerization technique using an initiator 
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having one initiation point, a compound having at least 2 sparingly polymerizable alkenyl groups is reacted at a terminal 
stage of polymerization reaction or after completion of the reaction of the predetermined vinyl monomer. 
[0291 J The above compound having at least two sparingly polymerizable alkenyl groups is not particularly restricted 
but includes 1 ,5-hexadiene, 1 ,7-octadlene and 1 ,9-decadiene, among others. 

s [0292J The following processes [G-c] to [G-f] are exemplary processes for converting the halogen atom of a vinyl 
polymer having a highly reactive carbon-halogen bond at only one molecular chain terminus to an alkenyl group. 
[0293] Regarding the method for substituting an alkenyl group for the halogen of a vinyl polymer having a highly 
reactive carbon-halogen bond at only one molecular chain terminus, processes corresponding to said processes [A- 
c] to [A-f] for producing the (A1 ) component can be employed. The corresponding processes [A-c] to [A-fl in which a 

10 vinyl polymer having a highly reactive carbon-halogen bond at only one molecular chain terminus are now designated 
as processes [G-c] to [G-f], respectively. By these processes [G-c] to [G-f], a vinyl polymer having an alkenyl group at 
only one molecular chain terminus can be obtained. The polymer having not less than 1 .1 of highly reactive carbon- 
halogen bond at only one molecular chain terminus on the average per molecule can be obtained by the process [K- 

a] to be described later herein, among others, however this is not limited thereto. 

15 [0294] The following processes [G-g] to [G-J] are exemplary processes for converting the hydroxyl group of a vinyl 
polymer having a hydroxyl group at only one molecular chain terminus to an alkenyl group. 

[0295] The processes for converting the hydroxyl group of a vinyl polymer having a hydroxyl group at only one 
molecular chain terminus to an alkenyl group may be comparable to said processes [A-g] to [A-fl for producing the [A1 ] 
component. With the processes [A-g] to [A-j] in which a vinyl polymer having a hydroxyl group at only one molecular 
20 chain terminus Is used being designated as processes [G-g] to [G-]], a vinyl polymer having an alkenyl group at only 
one molecular chain terminus can be obtained by any of the processes [G-g] to [G-J]. The above-mentioned polymer 
having a hydroxy! group at only one molecular chain terminus can be produced by any of the processes [H-a] to [H-f], 
among others. 

[0296] Referring to the synthesis method of said vinyl polymer having an aikenyi group at only one molecular chain 
25 terminus, when a halogen is not directly involved in the introduction of an alkenyl group as in the processes [G-a] and 
[G-b], it is preferable to use the living radical polymerization technique. Between the above processes, the process [G- 

b] is preferred in view of the comparative ease of control. Among variations of living radical polymerization, atom transfer 
radical polymerization is preferred. 

[0297] When an aikenyi group is to be introduced by converting the haiogen group of a vinyl polymer having a highly 
30 reactive carbon-halogen bond as in the processes [G-c] to [G-f], it is preferable to use a vinyl polymer having a highly 
reactive carbon-halogen bond at only one molecular chain terminus as obtained by a radical polymerization (atom 
transfer radical polymerization) reaction using an organohaiogen compound having a highly reactive carbon-halogen 
bond to be described hereinafter or a sulf onyl halide as the initiator and a transition metal complex as the catalyst. The 
more preferred Is the process [G-f] in view of the ease of control. 
35 [0298] The processes [H-a] to [H-f] for producing the vinyl polymer having a hydroxyl group at one molecular chain 
terminus, which is to be used in the above production method [H] and processes [G-g] to [G-j], Is described below. 
[0299] The following processes [H-a] and [H-b] are exemplary processes for directly synthesizing a vinyl polymer 
having a, hydroxyl group at one molecular chain terminus by a living radical polymerization technique using an Initiator 
having one initiation point. The Initiator having one initiation point for use In this living radical polymerization technique 
40 will be described later herein, 

[H-a] A process for synthesizing a vinyl polymer by a living radical polymerization technique using an initiator having 
bne initiation point, which comprises reacting a compound having both a polymerizable alkenyl group and a hydroxyl 
group in a terminal stage of polymerization reaction or after completion of the reaction of the predetermined vinyl 
monomer. 

45 [0300] As the compound having both a polymerizable alkenyl group and a hydroxyl group for use in the above pro- 
duction process [H-a], there can be mentioned compounds represented by the above general formula (13). 
[H-b] A process in which, In synthesizing a vinyl polymer by a living radical polymerization technique using an initiator 
having one initiation point, an alkenyl alcohol such as 10-undecenol, 5-hexenol or ally! alcohol is reacted at a terminal 
stage of polymerization reaction or after completion of the reaction of the predetermined monomer. 

so [0301 ] The following process [H-c] is an exemplary radical polymerization process using a hydroxyl group-containing 
chain transfer agent or initiator, 

[H-c] This process comprises radical-polymerizing said vinyl monomer using a hydroxy l-contalnlng chain transfer agent, 
such as mercaptoethanol, or a hydroxyl-containing azo initiator. 

[0302] The following processes [H-d] to [H-f] are exemplary processes for converting the halogen of a vinyl polymer 
55 having a highly reactive carbon -halogen bond at only one molecular chain terminus to a hydroxyl group. 

[0303] The vinyl polymer having a highly reactive carbon-halogen bond at only one molecular chain terminus can 
be produced by the process [K-aJ to be described hereinafter, among others. 

[H-d] A process which comprises reacting a vinyl polymer having a highly reactive carbon-halogen bond at only one 
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molecular chain terminus with a hydroxy! group-containing stabilized carbanion such as the one represented by the 
above general formula (14) to thereby substitute a hydroxyi-containing substituent for said halogen. 
[H-e] The process which comprises permitting an elemental metal, such as zinc, or an organometal compound to act 
on a vinyl polymer having a highly reactive carbon -halogen bond at one molecular chain terminus to prepare an enolate 
anion and reacting it with ah aldehyde or a ketone. 

[H-f] A process which comprises reacting a vinyl polymer having a highly reactive carbon-halogen bond at only one 
molecular chain terminus with a hydroxyi-containing oxyanion, such as the one represented by the above general 
formula (15), or a hydroxyi-containing carboxylate anion, such as the one represented by the above general formula 
(1 6), to substitute a hydroxyi-containing group for the halogen. 

[0304] Referring to the above technology of converting the halogen of a vinyl polymer having a highly reactive carbon - 
halogen bond at only one molecular chain terminus to a hydroxy! group, when the halogen is not directly involved in 
the introduction of a hydroxyl group as in the processes [H-a] to [H-c], it is preferable to use the living radical polym- 
erization technique. The process [H-b] is preferred in view of the ease of control. Among variations of Irving radical 
polymerization, atom transfer radical polymerization is preferred. 

[0305] When the synthesis method comprises introducing a hydroxyl group by converting the highly reactive carbon- 
halogen bond as in the processes [H-d] to it Is preferable to use a vinyl polymer having a highly reactive carbon- 
halogen bond at only one molecular chain terminus as obtained by a radical polymerization (atom transfer radical, 
polymerization) reaction uslngan organohalogen orsulfonyl halide compound to be described hereinafter as the Initiator 
and a transition metal complex as the catalyst. The more preferred is the process 
[H-f] in view of the ease of control. 

[0306] The process [K-a] for producing a vinyl polymer having a highly reactive carbon-halogen bond at only one 
molecular chain terminus for use in the above production method [K] and processes [G-c] to [G-f] and [H-d] to [H-f] is 
now described In detail. 

[K-a] This process comprises polymerizing a vinyl monomer by an atom transfer radical polymerization reaction using 
an initiator having one highly reactive carbon-halogen bond. 

[0307] The initiator which can be used in the above process [K-a] includes organohalogen compounds having one 
highly reactive carbon-halogen bond and sulfonyl halide compounds, such as those represented by the following for- 
mulas, among others. 

CeHs-CHgX, C 6 H 5 -C(H) (X)CH 3 , C 6 H 5 -C (X) (CH^ 

(wherein C 6 H 5 stands for a phenyl group; X represents a chlorine, bromine or iodine atom) 
R-C(H) (X)-C0 2 R, R-C(CH 3 ) (X) -CO2R. R-C(H) (X)-C(0)R, R-C(CH 3 ) (X)-C(0)R 

(wherein R represents a hydrogen atom or an alky!, aryl or aralkyi group containing up to 20 carbon atoms and the 
plurality of R groups maybe the same or different; X represents a chlorine, bromine or iodine atom) 
R-CeH^-SOgX 

(wherein R represents a hydrogen atom or an alky!, aryl or aralkyi group containing up to 20 carbon atoms; X represents 
a chlorine, bromine or iodine atom) 

[0308] These may be used each independently or two or more of them may be used in a combination of two or more 
thereof. 

[0309] The initiator having one Initiation point for use in the above living polymerization varies with different modes 
of polymerization. Thus, in the case of atom transfer radical polymerization, an organohalogen compound having one 
highly reactive carbon-halogen bond or a sulfonyl halide compound, such as described for [K-a] above, is used as the 
initiator. In the living radical polymerization technique using a radical capping agent such as a nltroxlde or the like or 
in the living radical polymerization technique util iz in g a cobalt-porphyrin complex orthe like, a peroxide, such as benzoyl 
peroxide, or an azo compound, such as azobisisobutyronitrile or azobisisovaleronitrile, can be used as the initiator. 
[0310] The vinyl polymer having a crosslinking sllyl group at only one molecular chain terminus can also be a vinyl 
polymer having a crosslinking sllyl group at one molecular chain terminus and a highly reactive carbon -halogen bond 
at the other molecular chain terminus as produced by the method using an organohalogen compound having a 
crosslinking sllyl group which corresponds to the method (F) for producing the (A1) component, either as ft Is or after 
conversion of said halogen to a group other than a crosslinking silyl group. 

[031 1 ] Similarly, the vinyl polymer having a crosslinking silyl group at only one molecular chain terminus can also be 
obtained by preparing a vinyl polymer having an alkenyl group at one molecular chain terminus and a highly reactive 
carbon-halogen bond at the other terminus by the method using an organohalogen compound having an alkenyl group 
and converting the alkenyl group to a crosslinking silyl group by the technology described above. 
[0312] As mentioned hereinbefore, the crosslinking silyl group of the vinyl polymer having a crosslinking sllyl group 
at only one molecular chain terminus as produced via said method [I] or any of processes [G-a], [G-b], [H-a], [H-b], 
etc. does not necessarily exist at the terminus in a strict sense of the term but may possibly be located only close to 
the terminus. However, the effect of addition of such a polymer is fundamentally not different from that of a polymer 
having said group strictly at the terminus. Therefore, such polymers are subsumed in the concept of a vinyl polymer 
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having a crosslinking silyl group of the general formula (1) at only one molecular chain terminus for use as the main 
component of the reactive plasticizer (E) according to the fourth aspect of the invention. 

[031 3] The vinyl polymer having a crosslinking silyl group at only one molecular chain terminus for the above reactive 
plasticizer (E) can be prepared by an optional combination of the processes described hereinabove but as typical 
5 production technologies, methods corresponding to the methods A and B described for (A1) component can be men- 
tioned. 

£031 41 The addition amount of the reactive plasticizer (E), based on 1 00 weight parts of the vinyl polymer (A4) having 
not less than 1 .1 of crosslinking silyl groups of the general formula (1 ) on the average, is 5 to 1 50 weight parts, preferably 
1 0 to 120 weight parts, more preferably 20 to 1 00 weight parts. At an addition amount below 5 weight parts, the effect 
10 expected of a plasticizer is not expressed. If the amount of 150 weight parts is exceeded, the mechanical strength of 
the cured product will be Insufficient. 

[0315] The curable composition according to the fourth aspect of the invention may be supplemented with various 
optional components similar to those mentioned for the first aspect of the invention. 

[0316] The curable composition according to the fourth aspect of the invention can be prepared as a one-component 
15 system such that all the components are premlxed and sealed and, after application, let the whole be cured In situ by 
atmospheric moisture or as a two-component system such that a curing agent comprising the curing catalyst, filler, 
plasticizer, water, etc. and a polymer composition are admixed prior to application. 

[0317] The curable composition according to the fourth aspect of the invention can be used In a broad spectrum of 
applications, for example sealants such as architectural elastic sealants, composite-glass sealants, electric/electronic 
20 materials such as a solar cell back sealant, etc., electrical insulating materials such as conductor/cable insulation 
sheaths, etc., adhesives, self- adhesives, elastic adhesives, coatings, powder coatings, coating dopes, foams, electric/ 
electronic potting materials, film, gaskets, potting compounds, various molding compounds, rust-preventive, and water- 
proofing sealants for wire-reinforced glass or laminated glass edges (cut edges). 

25 «The fifth aspect of the invention» 

[0318] The curable composition according to the fifth aspect of the invention is now described. 

[0319] The curable composition according to the fifth aspect of the invention comprises (A5) a vinyl polymer having 

a crosslinking silyl group and (F) a silanol-contalning compound. 

30 

[The vinyl polymer for (AS) component] 

[0320] The (A5) component according to the fifth aspect of the invention is a vinyl polymer having a main chain 
produced by living radical polymerization and at least one crosslinking silyl group of the general formula (1) on the 

35 average per molecule, which, as such, crosslinks and cures by slloxane bonding. 

[0321] The general formula (1) representing the crosslinking silyl group (A5) is identical to the general formula (1) 
representing the crosslinking silyl group (A1 ) in the first aspect of the invention except that R 1 and R 2 may be the same 
or different and each represents an alkyl group containing 1 to 20 carbon atoms, an aryl group containing 6 to 20 
carbon atoms or an aralkyl group containing 7 to 20 carbon atoms. 

40 [0322] The crosslinking silyl group of the general formula (1) should be contained In the number of at least one per 
polymer molecule. When the number of crosslinking silyl groups per molecule Is less than 1 on the average, a sufficiently 
cured product cannot be obtained. The average number of crosslinking silyl groups of the general formula (1) per 
molecule which is necessary to provide a sufficiently cured product is generally 1.1 to 5, preferably 1.2 to 4, more 
preferably 1 .3 to 3. 

45 [0323] The monomer constituting its main chain Is not particularly restricted as far as It is a vinyl monomer, and 
includes the monomelic compounds mentioned for the first aspect of the invention. 

[0324] From the standpoint of physical properties, the vinyl polymer having not less than 1 .1 of the above crosslinking 
silyl groups on the average is preferably a (meth)acrylic polymer synthesized by using a (meth)acryiic monomer, among 
said various monomers, in a proportion of not less than 40 weight %. The still more preferred is an acrylic polymer 

so synthesized by using an acrylic monomer, among said various monomers, in a proportion of not less than 30 weight %. 
[0325] The number average molecular weight of the vinyl polymer having not less than 1 .1 of said crosslinking silyl 
groups on the average Is not particularly restricted but is preferably within the range of 500 to 100000. At a molecular 
weight less than 500, the intrinsic characteristics of a vinyl polymer are hardly manifested and, at above 100000, 
handling may become difficult In some instances. 

55 [0326] The molecular weight distribution, namely the ratio (Mw/Mn) of weight average molecular weight (Mw) to 
number average molecular weight (Mn) , of the vinyl polymer having not less than 1 .1 of said crosslinking silyl groups 
on the average per molecule is not particularly restricted. For facilitating handling by controlling the viscosity of the 
curable composition at a sufficiently low amount while securing necessary cured physical properties, however, a narrow 
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molecular weight distribution is preferred. The molecular weight distribution value is preferably less than 1 .8, more 
preferably not more than 1 .7, still more preferably not more than 1 .6, yet more preferably not more than 1 .5, still more 
preferably not more than 1 .4, most preferably not more than 1 .3. The molecular weight distribution is most prevalently 
determined by gel permeation chromatography (GPC). The number average molecular weight and so on can be de- 
termined on the polystyrene equivalent basis using chloroform or THF as the mobile phase and polystyrene gel columns 
as columns. 

[0327] The vinyl polymerfor use as the (A5) component in accordance with the fifth aspect of the invention is prepared 
by living polymerization. Unlike free radical polymerization or the like, this polymerization technique provides for an 
accurate control over the Introduction of a crosslinking sllyl group. Thus, since, as a feature of living polymerization, a 
crosslinking silyl group can be introduced into the terminus or terminal region of the polymer with quite high probability, 
not only a reduction in modulus but also an increase in gel fraction can be made feasible. Furthermore, because of 
the "living" mode of radical polymerization, the molecular weight distribution as a major determinant of viscosity of the 
polymer can be decreased to effect reductions in viscosity of the polymer and curable composition. 
[0328] However, there Is a limit to the reduction In modulus which can be realized only with the vinyl polymer having 
a crosslinking sllyl group (A5) whose main chain has been synthesized by living polymerization. The fifth aspect of the 
present Invention Is characterized in that the vinyl polymer (A5) whose main chain has been synthesized by living 
polymerization and has a crosslinking sllyl group at at least one terminus thereof Is used in combination with a sllanol 
group-containing compound (F) to be described later herein, whereby the modulus-reducing effect is augmented as 
compared with the case in which a vinyl polymer synthesized by the conventional free radical polymerization technology 
is used. 

[0329] While the living polymerization technology referred to above includes living anionic polymerization, living cat- 
ionic polymerization and living radical polymerization techniques, among others, any of these techniques can be lib- 
erally employed In the fifth aspect of the invention. The method of introducing said crosslinking silyl group into the vinyl 
polymer is not particularly restricted, either, but various techniques can be employed. 

[0330] However, from the standpoint of monomer universality and ease of control, the living radical polymerization 
technique for Introducing a crosslinking silyl group directly into the main chain and the technique which comprises 
synthesizing a vinyl polymer having a given functional group capable of converting to a crosslinking silyl group in one 
or more reaction steps and converting the given functional group to the crosslinking silyl group are preferred. In par- 
ticular, an atom transfer radical polymerization is more preferred. 

[0331] The Irving radical polymerization technique is advantageous in that despite its also being a method for radical 
polymerization reaction which is generally considered to be hardly controllable because of the high polymerization 
velocity and high tendency of termination by radical-radical coupling or the like, a termination reaction does not easily 
take place, thus giving a polymer with a narrow molecular weight distribution (Mw/Mn = about 1 .1 to 1 .5), and further 
in that the molecular weight can be freely controlled by adjusting the monomer-initiator charge ratio. 
[0332] Since it is thus capable of giving a polymer having a narrow molecular weight distribution and a low viscosity 
and enables introduction of a monomer having a given functional group In a more or less planned position, the living 
radical polymerization is a further preferred method for producing said vinyl polymer having the defined functional group. 
[0333] As the specific technology of producing the (AS) component, there can be mentioned various processes 
corresponding to those described for the first aspect of the invention, with the exception of the processes using any 
mode of polymerization otherthan living polymerization. Typical processes are those corresponding to the above syn- 
thetic methods A and B described for the (A1 ) component 

[0334] When rubber-like properties are especially required of a cured product obtainable from the curable composi- 
tion according to this fifth aspect of the invention, it is preferable that at least one crosslinking silyl group is present at 
the molecular chain terminus, for the molecular mass between crosslinking points, which has considerable bearings 
on rubber elasticity, can then be large. More preferred is a polymer having a crosslinking silyi group at both termini of 
the molecular chain. Still more preferably, ail crosslinking silyi groups are present at molecular chain termini. 

[The silanol-containing compound for (F) component] 

[0335] The "silanol-containing compound" in the context of the fifth aspect of the invention is a compound (I) having 
one silanol group within the molecule anoYor a compound (II) capable of reacting with moisture to give a compound 
having one silanol group within the molecule. Whichever alone of these compounds can be used or both compounds 
may be used in combination. 

[0336] The compound(l) having one silanol group within the molecule, i.e. one of (F) component for use in this in- 
vention, is not particularly restricted but includes compounds represented in the following: 

compounds which may be represented by the formula (FTJgSiOH (wherein the R" groups may be the same or 
different and each represents a substituted or unsubstituted alkyi or aryl group), such as 
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(CH 3 ) 3 SiOH, (CH 3 CH 2 ) 3 SiOH, (CH 3 CH 2 CH 2 )3SiOH ( (n-Bu) 3 SIOH, (sec-Bu) 3 SIOH, (t-Bu) 3 SiOH, (t-Bu)Si 
(CHaJaOH, (CgHufeSIOH, (C 6 H 13 ) 3 SIOH ( (C 6 H 5 )3SiOH, (C 6 H 5 ) 2 Si(CH 3 )OH, (C 6 H 5 )Si(CH3) 2 OH, (C 6 H 5 ) 2 Si(C 2 H 5 ) 
OH, C 6 H 5 Si(C 2 H 5 ) 2 OH> C 6 H 5 CH 2 Si(C 2 H 5 ) 2 OH, C 10 H 7 Si(CH 3 ) 2 OH, 
(in the above formulae, C 6 H 5 stands for a phenyl group; C 10 H 7 stands for a naphthyt group); 
silanol-containing cyclic polysiloxane compounds, such as 
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silanol-containing linear polysiloxane compounds, such as 
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compounds whose main chains are polymers containing silicon and carbon atoms and each having a sllanol group 
at a molecular chain terminus; 
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compounds whose main chains are polysilanes each having a silanol group at a molecular chain terminus, 
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and 

compounds whose main chains are polymers containing silicon, carbon and oxygen atoms and each having a 
sifanol group at a molecular chain terminus, such as 



CHg CH3 ' 



CH3 CHj' 

\ m n | 

CHj CH 3 

[0337] The preferred, among these, are compounds represented by the following general formula (46). 

(R^JgSiOH (48) 

(wherein R 26 represents a hydrocarbon group containing 1 to 20 carbon atoms and the plurality of R 2e groups may be 
the same or different) 

[0338] The R 2Q group Is preferably a methyl, ethyl, vinyl, t-butyl or phenyl group, more preferably a methyl group. 
[0339] Among these, a compound of low molecular weight, such as (CH 3 ) 3 SiOH, is preferred from the standpoint of 
availability and effect of addition. 

[0340] The above compound having one silanol group, i.e. compound (I) , appears to react with the crossiinklng silyl 
group of the vinyl polymer (AS) or the siloxane bond formed on crossiinklng thereof to reduce the number of crosslinks, 
thus imparting flexibility to the cured product. 

[0341] The compound (II) capable of reacting with moisture to give a compound having one silanol group therein, 
the one kind of (F) component, is not particularly restricted but is preferably a compound capable of reacting with 
moisture to give a siianol-containing compound of the above general formula (48) (as the hydrolysate) . Thus, such 
compound includes but is not limited to thef ollowing compounds as well as the compounds of the general formula (49) 
to be described later herein. 

[0342] Thus, N,0-bis(trimethylsiiyl)acetamide, N-(trimethyisilyl)acetamide, bis(trimethylsilyl)trifluoroacetamide, N- 
mettiyl-N-trimethylsilyltrifluoroacetamide, bistrimethylsilylurea, N-{t-butyldimethylsityl)N-methyitrifluoroacetamide, (N, 
N-dimethylamino)trimethylsilane, (N,N-diethylamino)trimethylsilane, hexamethyldisilazane, 1 ,1 ,3,3-tetramethyldisila- 
zane, N-ttrlmethylsllyOimidazole, trimethylsllyitrifluoromethane sulfonate, trlmethylsllyl phenoxlde, trlmethylsllyl-n-oc- 
tanol, trimethylsllyl-2-ethylhexanol, trls(trimethylsllyl)grycerol, tris(trlmethylsiiyi) trimethylolpropane, trts(trimethylsl!yl) 
pentaerythritol, tetra(trimethylsllyi)pentaerythtitol, (CHafeSINHSi (CHa) 3 , (CH 3 ) 3 SiNSI (CH 3 ) 2 , and 
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H 9 H /^N 
O 

F 3 C-S-0-Si(CH33 3 
O 

can be used with advantage. From the standpoint of the silanol content of the hydrolysate, <CH 3 ) 3 SlNHSi(CH3) 3 is 
particularly preferred. 

[0343] The preferred compound (II) capable of reacting with moisture to give a compound having one silanoi group 
per molecule, said one kind of (F) component, Includes not only the above-mentioned compounds but also compounds 
represented by the following general formula (49). 

<(R 26 ) 3 SiO) n R 27 ( 49) 

(wherein R 26 has the same meaning as defined above; n represents a positive number; represents a group derived 

from an active hydrogen-containing compound by removal of part or the whole of active hydrogen) 

[0344] R2s is preferably a methyl, ethyl, vinyl, t-butyl or phenyl group, more preferably a methyl group. 

[0345] The (R^SI group Is preferably a trlmethylsilyl group; ail the three R 2 * groups are methyl groups. Moreover, 

n is preferably equal to 1 to 5. 

[0346] The active hydrogen-containing compound from which R 27 is derived is not particularly restricted but includes 
alcohols such as methanol, ethanol, n-butanol, i-butanol, t-butanol, n-octanol, 2-ethylhexanol, benzyl alcohol, ethylene 
glycol, diethylene glycol, polyethylene glycol, propylene glycol, dipropyiene glycol, polypropylene glycol, propanediol, 
tetramethylene glycol, poly (tetramethylene glycol), glycerol, trimethylolpropane, pentaerythritol, etc.; phenols such as 
phenol, cresol, bisphenol A, hydroquinone, etc.; carboxylfc acids such as formic acid, acetic acid, propionic acid, laurlc 
acid, palmitic acid, stearic acid, behenic acid, acrylic acid, methacrylic acid, oleic acid, linoleic acid, linolenic acid, 
sorbic acid, oxalic acid, malonic acid, succinic acid, adipic acid, maleic acid, benzoic acid, phthalic acid, terephthalic 
acid, trimeflitic acid, etc.; ammonia; amines such as methylamine, dimethylamine, ethyiamlne, diethylamine, n- 
butylamine, imidazole, etc.; acid amides such as acetamide, benzamide, etc.; urea compounds such as urea, N,N'- 
dlphenylurea, etc.; and ketones such as acetone, acetylacetone, 2,4-heptadlone, etc.; among others. 
[0347] The compound (II) capable of reacting with moisture to give a compound having one silanol group within the 
molecule, as represented by the general formula (49), can be obtained, for example by reacting said active hydrogen- 
containing compound with a compound having both an (R^Si group (R 2e has the same meaning as above) and a 
halogen or other group capable of reacting with active hydrogen, which is known as a sllylating agent, such as trlmeth- 
ylsilyl chloride or dim ethyl (t-butyl) chloride. 

[0348] The compound represented by the general formula (49) includes but is not limited to allyloxytrimethylsilane, 
N,0-bis(trimethyisiIyi)acetamide, N-(trlmethylsIlyl)acetamlde, bls^rimethylsilyOtrifluoroacetamlde, N-methyl-N-tri- 
methylsilyltrifluoroacetamide, bistrimethylsiiylurea, N-(t-butyldimethyisilyl)N-methyltrifluoroacetamide, (N.N-dimethyl- 
amino)trimethyisilane, (N,N-diethylamino)trimethy!silane, hexamethyldisilazane, 1,1,3,3-tetramethyldisiiazane, N-(tri- 
methylsllyi)lmidazoIe, trlmethylsilyltrifluoromethane sulfonate, trlmethylsilyl phenoxide, trimethylsllyl-n-octanol, tri- 
mettylsllyl-2-ethylhexanol,trls(M^ 

ritol and tetra(trimethylsllyl)pentaerythrltol. These may be used each Independently or In a combination of two or more 
thereof. 
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[0349] Furthermore, compounds which may be represented by the general formula ((CR^SIO) (R 29 ©) s) ,Z (where- 
in R 28 may be the same or different and each represents a univalent hydrocarbon group, substituted or unsubstituted, 
or a hydrogen atom; R 29 represents a bivalent hydrocarbon group containing 1 ~8 carbon atoms, s and t each represents 
a positive number such that s is equal to 1 -6 and s x t is not less than 5; Z represents a univalent through hexavalent 
organic group), for example . 

CH 3 0(CHgCH(CH3)0) 5 Si(CH3) 3l CH2=CHCH 2 (CH2CH(CH 3 )0) 5 Si(CH3) 3l (CH 3 ) 3 SiO (CH 2 CH (CH 3 ) 0) 5 Si (CH 3 ) 3 , 
(CH 3 ) 3 SiO (CH 2 CH (CH 3 ) 0) 7 Si (CH^, 

etc., can also be used with advantage. These may be used each independently or in a combination of two or more 
thereof. 

[0350] Referring to said compound (II) capable of reacting with moisture to give a compound having one silanol group 
within the molecule, the preferred active hydrogen compounds are phenols, acid amides and alcohols and the more 
preferred are phenols and alcohols, which have hydroxy! groups, for these compounds do not adversely affect the 
storage stability, weather resistance and other properties. 

[0351 J The preferred, among the compounds mentioned above, are N,0-bls(trlmethyisIlyl)acetamlde, N-(trimethyls- 
llyl)acetamlde, trimethylsllyl phenoxide, trimethylsllyl-n-octanol, trlmethylsilyl-2-ethylhexanol, tris(trimethyisilyl)glycer- 
oi, tris(trlmethylsHyl)trlmethylolpropane, tr!s(trlmethyIsilyi)pentaerythritol and tetra(trlmethy Isliyl) pentaerythritol. 
[0352] The compounds (II) capable of reacting with moisture to give a compound having one silanol group within the 
molecule reacts with moisture during storage, in curing or after curing to give a compound having one silanol group 
per molecule, it appears that the compound having one silanol group thus produced reacts with the crosslinking silyl 
group of the vinyl polymer (A5) or the siloxane bond formed on crosslinking thereof to reduce the number of crosslinks, 
thus contributing to the flexibility of the cured product. 

[0353] The addition amount of the silanol-containing compound as the (F) component can be adjusted according to 
the expected physical properties of the cured product. 

[0354] The addition amount of the silanol-containing compound (F) may be 0.1 to 50 weight parts, preferably 0.3 to 
20 weight, parts, more preferably 0.5 to 1 0 weight parts, based on 1 00 weight parts of the vinyl polymer (AS). At an 
amount below 0.1 weight part, the effect of addition of (F) is not expressed. Over 50 weight parts, crosslinking is 
insufficient and the strength and gel fraction of the cured product are considerably decreased. 
[0355] The timing of addition of said silanol-containing compound (F) to the vinyl polymer (A5) is not particularly 
restricted. Thus, the (F) component may be added In the stage of production of the vinyl polymer (A5) or at the prep- 
aration of the curable composition. 

[0356] The curable composition according to the fifth aspect of the invention may be supplemented with various 
optional components similar to those mentioned for the first aspect of the invention. 

[0357] The curable composition according to the fifth aspect of the present invention can be provided as a one- 
component system such that all the components are premixed and sealed and, after application, let the whole be cured 
In situ by atmospheric moisture or as a two-component system such that a curing agent comprising the curing catalyst, 
filler, plastlcizer, water, etc. and a polymer composition are admixed prior to application. 

[0358] The curable composition according to the fifth aspect of this invention can be used in a broad spectrum of 
applications, for example sealants such as architectural elastic sealants, composite-glass sealants, electric/electronic 
materials such as a solar cell back sealant, etc., electrical Insulating materials such as conductor/cable Insulation 
sheaths, adheslves, self-adheslves, elastic adhesives, coatings, powder coatings, coating dopes, foams, electric/elec- 
tronic potting materials, film, gaskets, potting compounds, various molding compounds, rust-preventive, water-proofing 
sealants for wlre-relnforced glass or laminated glass edges (cut edges) and so on. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0359] The following examples and comparative examples Illustrate the present invention in further detail, it being, 
however, to be understood that these examples are by no means definitive of the scope of the invention. 
[0360] in the following examples and comparative examples, all "parts" and "%" are "parts by weight' and "weight 
%", respectively. 

[0361] As referred to in the following examples, the "number average molecular weight" and "molecular weight dis- 
tribution (ratio of weight average molecular weight to number average molecular weight) are the values determined by 
gel permeation chromatography (GPC) based on polystyrene standards. Thus, columns packed with crosslinked pol- 
ystyrene gels were used as the GPC columns and chloroform was used as the GPC solvent. 
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Examples relating to the first aspect of the invention 
(Production Example 1) 

[0362] A 1 0-L separable flask equipped with a reflux-condenser and a stirrer was charged with CuBr (28.0 g, 0.1 95 
mol) . After nitrogen gas purging, acetonftrile (559 mL) was added and the mixture was stirred on an oil bath at 70 °C 
fori 5 minutes. Thereafter, butyl acrylate (1 .00 kg), diethyl 2,5-dibromoadipate (11 7 g, 0.325 moi) and pentamethyldi- 
ethylenetriarnine [hereinafter referred to briefly as triamine] (1 .70 mL, 1 .41 g, 8. 14 mmol) were added and the reaction 
was started. Under heating at 70 °C with constant stirring, butyl acrylate (4.00 kg) was continuously added dropwise 
over 175 minutes. In the course of dripping butyl acrylate, triamine (8.50 mL, 7.06 g, 40.7 mol) was further added At 
370 minutes after Initiation of the reaction, 1 ,7-octadiene (1 .57 L, 1 .1 7 kg, 7.10 moi) and triamine (20.4 mL, 1 6.9 g, 
97.7 mmol) were added, and the whole mixture was stirred under heating at 70 °C for 220 minutes. 
[0363] This reaction mixture was diluted with hexane and passed through an activated alumina column, and the 
volatile matter was distilled off under reduced pressure, whereby an alkenyi group-terminated polymer (polymer [1]) 
was obtained. This polymer [1] had a number average molecular weight of 21300 and a molecular weight distribution 
value of 1 .3. 

[0364] A 2-L separable flask equipped with a condenser was charged with polymer [1 ] (0.73 kg) , potassium benzoate 
(25 g) and N,N-dimethylacetamide (0.7 L) and the mixture was stirred under nitrogen at 70°C for 12 hours. The N,N- 
dimethylacetamide was distilled off under reduced pressure and the residue was diluted with toluene and treated with 
an activated alumina column to remove the toluene-insoluble matter (KBr and excess potassium benzoate) . The vol- 
atile fraction of the filtrate was then distilled off under reduced pressure to give polymer [2]. 

[0365] A 2-L round-bottom flask equipped with a condenser was charged with polymer[2] (0.73 kg), aluminum silicate 
(150 g, product of Kyowa Chemical, Kyowaad 700 PEL) and toluene (4.0 L) and the mixture was stirred under nitrogen 
at 1 00 °C for 5 hours. The aluminum silicate was then filtered off and the toluene in the filtrate was distilled off under 
reduced pressure to give polymer [3]. 

[0366] A 1 -L pressure-resisting reaction vessel was charged with polymer [3] (390 g), dlmethoxymethylhydrosilane 
(36.0 mL, 0.292 mol), methyl orthoformate (7.10 mL, 0.065 mol) and platinum (0)-1 ,1,3,3 -tetramethyl-1 , 3-divinyldisi- 
loxane complex. However, the amount of use of the platinum catalyst was 1 0-2 molar equ ivalents with respect to the 
alkenyi group of the polymer. This reaction mixture was heated at 1 0.0 °C for 400 minutes. The volatile fraction of the 
mixture was then distilled off under reduced pressure to give a silyl-terminated polymer (polymer [4]). This polymer 
had a number average molecular weight (GPC method, polystyrene equivalent) of 246000 and a molecular weight 
distribution value of 1 .5. The average number of sllyl groups Introduced per mole of the polymer was 3.0 as determined 
by 1 H NMR analysis. 

(Production Example 2) 

[0367] A 2-L separable flask equipped with a reflux-condenser and a stirrer was charged with CuBr (22.4g, 0.156 
mol), followed by nitrogen gas purging. Then, acetonltrile (112 mL) was added and the mixture was stirred on an oil 
bath at 70 °C for 30 minutes. Thereafter, butyl acrylate (0.20 kg), methyl 2-bromoproplonate (86.9 g, 0.520 mol) and 
pentamethyldiethylenetriamlne [hereinafter referred to briefly as triamine] (0.19 mL, 0.18 g, 1.04 mmol) were added 
and the reaction was started. Under heating at 70 °C with constant stirring, butyl acrylate (0.80 kg) was continuously 
added dropwise over 150 minutes. In the course of dripping butyl acrylate, triamine (1.81 mL, 1 .71 g, 9.88 mol) was 
further added. The whole mixture was stirred under heating at 70 °C for 230 minutes. 

[0368] This reaction mixture was diluted with toluene and passed through an activated alumina column, and the 
volatile matter was distilled off under reduced pressure, whereby an alkenyi group-terminated polymer (polymer [5]) 
was obtained. This polymer [5] had a number average molecular weight of 2600 and a molecular weight distribution 
value of 1.18. 

[0369] A 2-L separable flask equipped with a condenser was charged with polymer[5] (0.937 kg), potassium acetate 
(73.5 g) and N,N-dimethylacetamide (0.8L) and the mixture was stirred under nitrogen at 70 °C for 5 hours. The N.N- 
dimethylacetamide was distilled off under reduced pressure and the residue was diluted with toluene and treated with 
an activated alumina column to remove the toluene-Insoluble matter (KBr and excess potassium benzoate). The volatile 
fraction of the filtrate was then distilled off under reduced pressure to give polymer [6]. 

(Example 1) 

[0370] One-hundred parts of the polymer [4] obtained in Production Example 1 , 3 parts of pentaerythritol triacrylate 
[(CH2=CHCOOCH 2 )3CCH 2 OH] l 50 parts of polymer [6J as plasticlzer, and 1 00 parts of Calfine 100 (Product of Maruo 
Calcium) as filler were admixed under stirring. Then, 2 parts of rglycidoxypropyltrimethoxysilane and 1 part of Sn (IV) 
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catalyst (dibutyitin diacetylacetonate) were added and stirred and the whole mixture was degassed and molded to give 
a cured product in the form of a 2 mm (approx.)-thick flat sheet and a cured product in a plano-convex form with a 
maximum thickness of about 5 mm on a glass sheet Curing was effected by allowing each product in a sunlit Interior 
environment (near a window) for 2 days and further at 50 °C for 3 days. After curing, the sheet was tested for residual 
s tack (surface tackiness) by the f inger touch method and, then, let standing outdoors. The piano-convex cured product 
was irradiated through the glass, immediately after curing, with a xenon weather-o-meter {product of Suga Testing 
Instruments, Mode! SX120. illuminance 180 W, black panel temperature 63 a C, rainfall time 18 min. during a total 
Irradiation time of 2 hrs) for 500 hours. The sample was then subjected to a manual peel test. The results are shown 
in Table 1 . 

10 

(Example 2) 

[0371 J Except that trimethylolpropane triacrylate [(CHa^CHCOOChyaCCh^Chy was used in lieu of the pentaer- 
ythritol triacrylate used in Example 1 , the procedure of Example 1 was otherwise repeated faithfully to fabricate cured 
is products. The evaluations were also performed as in Example 1 . The results are shown in Table 1 . 

(Comparative Example 1) 

[0372] Except that the pentaerythritol triacrylate used in Example 1 was omitted, cured products were fabricated and 
20 evaluated in otherwise the same manner as in Example 1 . The results are shown In Table 1 . 



Table 1 
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In Table 1 , 








Residuai tack: 








Not tacky <- ® ;> O :> A x -> Tacky 






Manual peel test: 








Cohesive failure (CF) <— O > A > x — » Adhesion failure (AF) 





Examples relating to the second aspect of the invention 



(Production Example 3) 

[0373] A 1 0-L separable flask equipped with a reflux-condenser and a stirrer was charged wfth CuBr (42.0 g, 0.293 
mol), followed by nitrogen gas purging. Then, acetonitrile (559 ml_) was added and the mixture was stirred on an oil 
bath at 70 °C for 45 minutes. Thereafter, butyl acrylate (1 .00 kg), diethyl 2,5-dibromoadipate (176 g, 0.488 mol) and 
pentamethyldiethylenetriamine [hereinafter referred to briefly as triamine] (2.00 mL, 1.66 g, 9,58 mmol) were added 
and the reaction was started. Under heating at 70 °C with constant stirring, butyl acrylate (4.00 kg) was continuously 
added dropwise over 190 minutes. In the course of dripping butyl acrylate, triamine (6.00 mL, 4.98 g, 28.8 mol) was 
further added. At 310 minutes after initiation of the reaction, 1 ,7-octadiene (1 ,44 L, 1.07 kg, 9.75 mol) and triamine 
(20.5 mL, 1 7.0 g, 98.1 mmol) were added, and the whole mixture was stirred under heating at 70 °C for 210 minutes. 
[0374] This reaction mixture was diluted with hexane and passed through an activated alumina column, and the 
volatile matter was distilled off under reduced pressure, whereby an alkenyi group-terminated polymer (polymer [7]) 
was obtained. This polymer [7] had a number average molecular weight of 14000 and a molecular weight distribution 
value of 1 .3. 

[0375] A 1 0-L separable flask equipped with a condenser was charged with polymer [7] (2.7 kg), potassium benzoate 
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(142 g) and N.N-dlmethylacetamide (2.7 L) and the mixture was stirred under nitrogen at 70°C for 25 hours. The N,N- 
dlmethylacetamide was distilled off under reduced pressure and the residue was diluted with toluene and treated with 
an activated alumina column to remove the toluene-Insoluble matter (KBr and excess potassium benzoate). The volatile 
fraction of the filtrate was then distilled off under reduced pressure to give polymer [8]. 

[0376] A 2-L round-bottom flask equipped with a condenser was charged with polymer [8] (2.7 kg), aluminum silicate 
(540 g, product of Kyowa Chemical, Kyowaad 700 PEL) and toluene (2.7 L) and the mixture was stirred under nitrogen 
at 1 00 °C for 5 hours. The aluminum silicate was then filtered off and the toluene in the filtrate was distilled off under 
reduced pressure to give polymer [9], 

[0377] A 1 -L pressure-resisting reaction vessel was charged with polymer [9] (409 g), dimethoxymethylhydrosilane 
(27.0 mL, 0.22 mol), methyl orthof ormate (8.0 ml_, 0.07 mmol) and platinum(0)-1 ,1 ,3,3-tetramethyl-l ,3-divinyldisiloxane 
complex. The amount of use of the platinum catalyst was 1 0~ 3 molar equivalents with respect to the alkenyl group of 
the polymer. This reaction mixture was h eated at 1 00 °C for 1 hour. The volatile fraction of the mixture was then distilled 
off under reduced pressure to give a silyl-terminated polymer (polymer [10]). This polymer had a number average 
molecular weight (GPC method, polystyrene equivalent) of 1 3900 and a molecular weight distribution value of 1 .4. The 
average number of slly! groups Introduced per mole of the polymer was 1 .5 as determined by NMR analysis. 

(Example 3) 

[0378] One-hundred parts of the polymer [1 0] obtained in Production Example 3 and 3 parts of tung oil were admixed, 
followed by addition of 1 part of Sn (IV) catalyst (dlbutyltin diacetylacetonate) with stirring, and the whole mixture was 
degassed under reduced pressure and molded to give a cured product in the form of a 2 mm-thick flat sheet. On the 
following day, the sheet was tested for residual tack by the finger touch method. Furthermore, the cured product was 
left standing outdoors for one month and the degree of surface fouling was examined. The results are shown in Table 2. 

(Example 4) 

[0379] Except that tung oil was used in a proportion of 5 parts in lieu of 3 parts, a cured product was fabricated and 
evaluated in the same manner as In Example 3. The results are shown in Table. 2. 

(Comparative Example 2) 

[0380] Except that the tung oil used in Example 3 was omitted from the formulation, a cured product was fabricated 
and evaluated in otherwise the same manner as in Example 3. The results are shown in Table 2. 
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In Table 2, 








Residual tack: 








Nottacky*-® > 0>A> x Tacky 




Fouling: 








Clean <-@ > O > A > x -» Smudgy (much adherent matter) 



(Example 5) 

[0381] A cured product was fabricated in the same manner as in Example 3, except that curing was effected by 
allowing the sample to stand in an interior environment for 2 days and further at 50 °C for 3 days. From the cured 
product in the form of a sheet, a No. 2 (1/3) dumbbell testplece was punched out and subjected to tensile testing with 
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Shimadzu Corporation's autograph (measuring conditions: 23 °C> 200 mm/min). The results are shown in Table 3. 
(Example 6) 

5 [0382] A cured product similar to the one according to Example 4 was fabricated using the same curing conditions 
as in Example 5 and evaluated In the same manner as in Example 5. The results are shown in Table 3. 

(Comparative Example 3) 

10 [0383] A cured product simtlarto the one according to Comparative Example 2 was fabricated using the same curing 
conditions as in Example 5 and evaluated in the same manner as in Example 5. The results are shown in Table 3. 

Table 3 
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(Example 7) 

[0384] Specimens of the cured sheet prepared in Example 3 were coated with various alkyd coatings and left standing 
25 Indoors. After a predetermined period of time, the coated surface was touched with a finger to assess the degree of 
curing. The results are shown in Table 4. 

(Example 8) 

30 [0385] The cured sheet obtained In Example 4 was evaluated as in Example 7. The results are shown In Table 4. 
(Comparative Example 4) 

[0386] The cured sheet obtained In Comparative Example 2 was evaluated as in Example 7. The results are shown 
35 in Table 4. 

Table 4 
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Table 4 shows the evaluation after 1 day/ the evaluation after 7 days. 
O: Completely cured 
A: Tacky 
x: Uncured 

The alkyd coatings used are: 
Schakelverf: Product of Sigma 
Rubbol AZ: Product of Akzo 
Sigmasoiid semigloss: Product of Sigma 
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Examples relating to the third aspect of the Invention 
(Production Example 4) 

[0387] A 1 0-L separable flask equipped with a reflux-condenser and a stirrer was charged with CuBr (42.0 g, 0.293 
mol), followed by nitrogen gas purging. Then, acetonitrile (559 mL) was added and the mixture was stirred on an oil 
bath at 70 °C for 45 minutes. Thereafter, butyl acrylate (1.00 kg), diethyl 2,5-dibromoadipate (176 g, 0.488 mol) and 
pentamethyldiethylenetriamine [hereinafter referred to briefly as triamine] (4.00 mL, 3.32 g, 19.2 mmol) were added 
and the reaction was started. Under heating at 70 °C with constant stirring, butyl acrylate (4.00 kg) was continuously 
added dropwise over 190 minutes. In the course of dripping butyl acrylate, triamine (4.00 mL, 3.32 g, 0.01 92 mol) was 
further added. At 31 0 minutes after initiation of the reaction, 1 ,7-octadiene (1 .44 L, 1 .07 kg, 9.75 mol) and triamine 
(20.5 mL, 1 7.0 g, 98.1 mol) were added, and the whole mixture was stirred under heating at 70 °C for 21 0 minutes. 
[0388] This reaction mixture was diluted with hexane and passed through an activated alumina column, and the 
volatile matter was distilled off under reduced pressure, whereby an alkenyl group-terminated polymer (polymer [11]) 
was obtained. This polymer [1 1 ] had a number average molecular weight of 1 4000 and a molecular weight distribution 
value of 1.3. 

[0389] A 1 0-L separable flask equipped with acondenserwas charged with polymer[11] (2.7 kg), potassium benzoate 
(142 g) and N,N-dImethylacetamlde (2.7 L) and the mixture was stirred under nitrogen at 70°C for 25 hours. The N,N- 
dimethylacetamide was distilled off under reduced pressure and the residue was diluted with toluene and treated with 
an activated alumina column to remove the toluene-Insoluble matter (KBr and excess potassium benzoate) . The vol- 
atile fraction of the filtrate was then distilled off under reduced pressure to give polymer [12]. 
[0390] A 2-L round-bottom flask equipped with a condenser was charged with polymer [12] (2.7 kg) , aluminum 
silicate (540 g, product of Kyowa Chemical, Kyowaad 700 PEL) and toluene (2.7 L) and the mixture was stirred under 
nitrogen at 100 °C for 5 hours. The aluminum silicate was then filtered off and the toluene in the filtrate was distilled 
off under reduced pressure to give polymer [13]. 

[0391 ] A 1 -L pressure-resisting reaction vessel was charged with polymer [1 3] (760 g) , dimethoxymethylhydrosilane 
(46.3mL, 0.38 mol), methyl orthoformate (13.7 mL, 0.13 mmol) and platinum (0)-1 ,1 ,3,3-tetramethyl-l ,3-divinyldisi- 
loxane complex. The amount of use of the platinum catalyst was 10" 3 molar equivalents with respect to the alkenyl 
group of the polymer. This reaction mixture was heated at 100 °C for 1 hour. The volatile fraction of the mixture was 
then distilled off under reduced pressure to give a silyl-terminated polymer (polymer [14]). This polymer had a number 
average molecular weight (GPC method, polystyrene equivalent) of 15000 and a molecular weight distribution value 
of 1 .4. The average number of silyl groups Introduced per mole of the polymer was 2.0 as determined by 1 H NMR 
analysis. 

(Production Example 5) 

[0392] A 2-L separable flask equipped with a reflux-condenser and a stirrer was charged with CuBr (22.4 g f 0.156 
mol), followed by nitrogen gas purging. Then, acetonitrile (112 mL) was added and the mixture was stirred on an oil 
bath at 70 °C for 30 minutes. Thereafter, butyl acrylate (0.20 kg) , methyl 2-bromoproplonate (86.9 g, 0.520 mol) and 
pentamethyldiethylenetriamine [hereinafter referred to briefly as triamine] (0.1 9 mL, 0.1 8 g, 1 .04 mmol) were added 
and the reaction was started. Under heating at 70 °C with constant stirring, butyl acrylate (0.80 kg) was continuously 
added dropwise over 150 minutes. In the course of dripping butyl acrylate, triamine (1 .81 mL, 1 .71 g, 9.88 mmol) was 
further added. The whole mixture was stirred under heating at 70 °C for 230 minutes. 

[0393] This reaction mixture was diluted with toluene and passed through an activated alumina column, and the 
volatile matter was distilled off under reduced pressure, whereby an alkenyl group-terminated polymer (polymer [15]) 
was obtained. This polymer [1 5] had a number average molecular weight of 2600 and a molecular weight distribution 
value of 1.18. 

[0394] A 2-L separable flask equipped with a condenser was charged with polymer [1 5] (0.937 kg), potassium acetate 
(73.5 g) and N f N-dimethyIacetamide (0.8 L) and the mixture was stirred under nitrogen at 70 °Cfor 5 hours. The N,N- 
dimethylacetamide was distilled off under reduced pressure and the residue was diluted with toluene and treated with 
an activated alumina column to remove the toluene-insoluble matter (KBr and excess potassium benzoate) . The vol- 
atile fraction of the filtrate was then distilled off under reduced pressure to give polymer [16]. 

(Example 9) 

[0395] One-hundred parts of the polymer [14] obtained in Production Example 4 and 50 parts of one of various high 
molecular plasticizers were admixed, followed by addition of 1 part of Sn (IV) catalyst (dibutyltin dlacetylacetonate) 
with stirring, and the whole mixture was degassed under reduced pressure and molded to give a cured product in the 
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form of a 2 mm-thick flat sheet. Curing was effected by allowing the sample to stand In an Interior environment for 2 
days and further at 50 °C for 3 days. From the cured product in the form of a sheet, a No. 2 (1/3) dumbbell testpiece 
was punched out and subjected to tensile testing with Shimadzu Corporation's autograph (measuring conditions: 23°C, 
200 mm/min). Viscosity measurements were carried out using a Type E viscosimeter (EHD3 0 cone 28 4 used) at 23 
°C. The results are shown in Table 5. % 

(Comparative Example 5) 

[0396] Using various low molecular plasticizers in lieu of the high molecular piasticizers used in Example 9, cured 
products were fabricated and subjected to tensile testing in otherwise the same manner as in Example 9. Viscosity 
measurements were also carried out in the same manner as in Example 9. The results are shown in Table 5. 
[0397] In Table 5, the polyadipate polymer plasticizer is the product of Asahi Electric Works, Ltd., the polybutene 
piasticizer is the product of idemitsu Petrochemical Co., Ltd. and the alkylbenzene plasticizer is the product of Nippon 
Petrochemicals Co., Ltd. 

Table 5 

The viscosity and initial tensile properties of the composition 



when the high molecular plasticizer .(D) is ' used 





Plasticizer 


Molecu 
lar 

weight 
of ' 
plasti 


Visco 
sity 
(Pa- s 
) 


M50 


Tmax 


Eb 
<%) 


X 

Es2 


Acrylic 


Polymer 
[16] 


2600 


37 


0.05 


0. 14 


180 


Polyadipate 


PN-280 


3100 


31 


0 . 07 


0. 15 


100 


PN-606 


2700 


28 


0-08 


0.20 


130 


PN-2 60 


2800 


.25 


0.07 


0.14 


100 


PN-170 


1800 • 


16 


0.06 


0.14 


120 


m 

. u 
n, 


Phthalate 


DOP 


3'90 


6 ' 


0.05 


0.07 


70 


DOTP 


394 . 


6 


0.05 


0,07 . 


70 


Adipate 


DOA 


370 


•3 


0.05 


0.07 


70 


DINA 


398 


18 


0,05 


0.07 


70 


Trimellitate 


TOTM 


546 


10 


0.06 


0.11 


100 


Sebacate 


DOS 


. 426 


3 


0.06 


0.07. 


70 , 


Polybutene 


Polybutene 
35H 


720 


44 


0.07 


0. 14 


100 


Alkylbenzene 


Alkene 
100P 


330 


9 


0.04 


0.07 


90 


Alkene 
200P 


325. 


7 


0^.05 


0.15 


140 


Com; 


Phosphate 


Tricresyl 
phosphate 


368 


8 


0.07 


0.08 


60 


Reference (blank) 




58 


0.16 


0.26 


90 



(Example 10) 

[0398] Some specimens of thecured sheet prepared in Example 9 (dumbbell specimens) were set and kept stationary 
in a dryer at 150 °C After a predetermined time, the specimens were taken out and subjected to tensile. testing in the 
same manner as in Exampie 9. The results are shown In Table 6. 
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(Comparative Example 6) 

[0399] Some specimens of the cured sheet prepared in Comparative Example 5 (dumbbell specimens) were set and 
kept stationary In a dryer at 150 °C as in Example 1 0. After a predetermined time, the specimens were taken out and 
subjected to tensile testing in the same manner as in Example 1 0. The results are shown in Table 6. 



Table 6 

Effect of high molecular plasticizer (D) on heat resistance 



(tensile properties) 





Plasticiz 




Initial 


After 1 w 


After 4 W- 




er 












Polymer 


M50 (MPa) 


0.05 


0.06 


0.04 ' 




[16] 


Tb (MPa) 


0.14 


0;24 


0.20 


o 




Eb (%) 


180 . . 


230 


. 230 


rH 


PN-280 


M5Q (MPa) 


0.07 


0.10 


0.19 


CsT 


• 


Tb {MPa) 


0.15 


0.20 


0.34 




Eb <%). 


100 


100 


.90 




DOP 


M50 (MPa) 


0.05 


0.13 


0.19 




• 


Tb *(MPa) 


0.07 


0.22 


0.38 




• 


Eb (%) 


70 


90 


90 




DIN A 


M50 (MPa) 


0.05 


0.13 


0.17 






Tb (MPa) 


0,07 


0.29 


0.36 






Eb (%) 


- 70 


110 


100 




TOTM 


M50 (MPa) • 


0. 06 


.. 0.05 


. 0.09 






Tb (MPa) 


0.11 


0.12 


0.15 






Eb (%) 


- 100 


120 


. 90 




Polybuten 


M50 (MPa). 


0.07 


0.08 • 


0.13 




e 35H 


Tb • (MPa) 


0 .14 


0.22 


0.26 






Eb "(%)' 


100 - 


120 


1-00 




Aiken e 


M50 (MPa)* 


0.04 


0.15 


0.21 




100P 


Tb (MPa) 


0.07 


0.28 


0.38 


• 

u 




Eb (%) 


90 . 


100 


90 


a 


Alkene 


M50 - (MPa) 


. 0 .05 


0.12 


0.18 


£ 

8 


200P 


Tb (MPa) 


0.15 


0.28 


0.37 




Eb (%) 


140 


130 


100 




Blank 


M50 (MPa) 


0.16 


• 0.15 


0.18* 


a 




Tb (MPa) 


0.26 


0.29 


0.41 






Eb (%) 


90 * • 


100 


110 



(Example 11) 

[0400] Some specimens of the cured sheet prepared in Example 9 (dumbbell specimens) were set in a sunshine 
weather-o-meter (product of Suga Testing Instruments, Model WEL-SUN-DC, black panel temperature 63 ''C, rainfall 
time 1 8 min ./irradiation time 2 hrs). After a predetermined time period, the specimens were taken out and subjected 
to tensile testing in the same manner as in Example 9. The results are shown in Table 7. 

(Comparative Example 7) 

[0401 J Some specimens of the cured sheet prepared In Comparative Example 5 (dumbbell specimens) were set in 
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a sunshine weather-o-meter (product of Suga Testing Instruments, Model WEL-SUN-DC, black panel temperature 63 
°C, rainfall time 1 8 mi n ./Irradiation time 2 hrs). After a predetermined time period, the specimens were taken out and 
subjected to tensile testing in the same manner as in Example 11 . The results are shown in Table 7. 



Table' 7 

Effect of high molecular plasticizer (D) on weather resistance 



(tensile properties) 





Plasticizer 




Initial 


After 500 h 




Polymer [16] 


MSO (MPa) 


0.05 


0.05 






Tb (MPa) 


0.14 


0.15 






Eb {%) 


180 


170 




PN-2 80 . 


MSO (MPa) 


0.07 


0.08 


• 




Tb (MPa) 


0.15 


0.15 




Eb (%) 


100 


90 




DOP 


M50 (MPa) 


0.05 


0.07 






Tb (MPa) 


0.07 


0.0-8 






Eb ■ (%) 


70 


60 




DINA 


MSO (MPa) 


0.05 








Tb' (MPa) 


0.07 


0 . 05 






Eb (%) 


70 


40 




TOTM 


MSO (MPa) 


0.06 








Tb (MPa) 


0.11 


0.04 






Eb (%) 


100 


30 




Polybutene 35H 


MSO (MPa) 


Q.07 


0.08 




Tb (MPa) 


0.14" 


0.14; 






Eb (%). 


100 


80 




Alkene 100P 


MSO (MPa) 


0.04 


0.06 


D3 




Tb (MPa) 


0.07 


0.09 


5-1 




Eb (%) 


90 


80 


id 


Alkene 200P 


MSO (MPa) 


0 .05 




§• 

0 




Tb (MPa) % 


0.15 


0.05 


o 




Eb .(%) . 


140 


20 




Blank 


'M50 (MPa) 


0.16 


0.16 


.M-4 

d> 
OS 




Tb (MPa) 


0.26 


0.27 




Eb (%) 


90 


90 



(Example 12) 

[0402] Some specimens of the cured sheet prepared In Example 9 (dumbbell specimens) were coated with various 
alkyd coatings and left standing indoors . After a predetermined period of time, the coatad surface was touched with 
a finger to assess the degree of curing. The results are shown in Fig. 8. 

(Comparative Example 8) 

[0403] Some specimens of the cured sheet prepared in Comparative Example 5 (dumbbell specimens) were coated 
with various alkyd coatings and left standing indoors. After a predetermined period of time, the coated surface was 
touched with a finger to assess the degree of curing in the same manner as in Example 12. The results are shown in 
Fig. 8. 
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Table 8 

Effect of high- molecular plasticizer (D) on alkyd coating 



coatability 





Ex. 12 


Compar.- Ex. 8 


^"\Flasticize 
r 

Coating 


Polymer 
[16] 


PN-2 80 


Polybutene 
35H 


DOP 


DOA 


Schakelverf 


o/o 


• O/O 


O/O 


x/x 


X/A 


Rubbol hZ 


A/OA 


A/A 


x/A 


x/x 




Sigmasolid 
semigloss 


A/OA \ 


A/A 


OA/O 


x/x 


x/x 



Table 8 shows the evaluation after 1 day/the evaluation after 



7 days . 

O: Completely cured 
A: Tacky 
X : Uncured 

The alkyd coatings used are; 
Schakelverf: Product of Sigma 
Rubbol AZ: Product of Akzo 
Sigmasolid semigloss: Product of Sigma 



Examples relating to the fourth aspect of the Invention 
(Production Example 6) 

[0404] A 1 0-L separable flask equipped with a reflux-condenser and a stirrer was charged with CuBr (42.0 g, 0.293 
mo!) . After nitrogen gas purging, acetonltrlle (559 mL) was added and the mixture was stirred on an oil bath at 70 *C 
for 45 minutes. Thereafter, butyl acrylate (1 .00 kg), diethyl 2,5-dibromoadipate (1 76 g, 0.488 mol) and pentamethyldi- 
ethylenetriamlne [hereinafter referred to briefly as triamlnej (2.00 mL, 1 .66 g, 9.58 mmol) were added and the reaction 
was started. Under heating at 70 °C with constant stirring, butyl acrylate (4.00 kg) was continuously added dropwlse 
over 1 90 minutes. In the course of dripping bulyl acrylate, triamine (6.00 mL, 4.98 g, 288 mmol) was further added. At 
310 minutes after initiation of the reaction, 1 ,7-octadiene (1.44 L, 1.07 kg, 9.75 mol) and triamine (20.5 mL, 17.0 g, 
98.1 mmol) were added, and the whole mixture was stirred under heating at 70 °C for 21 0 minutes. 
[04051 This reaction mixture was diluted with hexane and passed through an activated alumina column, and the 
volatile matter was distilled off under reduced pressure, whereby an alkenyl group-terminated polymer (polymer [1 7]) 
was obtained. This polymer [1 7] had a number average molecuiar weight of 14000 and a molecular weight distribution 
value of 1.3. 

[0406] A 1 0-L separable flask equipped with a condenser was charged with polymer [1 7] (2.7 kg) , potassium ben- 
zoate (142 g) and N,N-dimethylacetamlde (2.7 L) and the mixture was stirred under nitrogen at 70°C for 25 hours. The 
N,N-dimethylacetamide was distilled off under reduced pressure and the residue was diluted with toluene and treated 
with an activated alumina column to remove the toluene-insoluble matter (KBr and excess potassium benzoate) . The 
volatile fraction of the filtrate was then distilled off under reduced pressure to give polymer [1 8]. 
[0407] A 2-L round-bottom flask equipped with a condenser was charged with polymer [1 8] (2.7 kg) , aluminum silicate 
(540 g, product of Kyowa Chemical, Kyowaad 700 PEL) and toluene (2.7 L) and the mixture was stirred under nitrogen 
at 1 00 °C for 5 hours. The aluminum silicate was then filtered off and the toluene In the filtrate was distilled off under 
reduced pressure to give polymer [19]. 
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[0408] A 1 -L pressure-resisting reaction vessel was charged with polymer [1 9] (409 g), dimethoxymethylhydrosilane 
(27.0 mL, 0.22 moi), methyl orthoformate (8.0 mL, 0.07 mmol) and platinum(0)-1 ,1 ,3,3-tetramethyM ,3-divinyldisiloxane 
complex. The amount of use of the platinum catalyst was 1 Q" 3 molar equivalents with respect to the alkenyl group of 
the polymer. This reaction mixture was heated at 1 00 °C for 1 hour. The volatile fraction of the mixture was then distilled 
s off under reduced pressure to give a silyi-terminated polymer (polymer [20]). This polymer had a number average 
molecular weight (GPC method, polystyrene equivalent) of 1 3900 and a molecular weight distribution value of 1 .4. The 
average number of silyl groups introduced per mole of the polymer was 1 .5 as determined by 1 H NMR analysis. 

(Production Example 7) Example of synthesis of a Br group-terminated poly(butyl acrylate) 

10 

[0409] A 2-L separable flask equipped with a reflux-condenser and a stirrer was charged with CuBr (5.54 g, 38.6 
mmol). After nitrogen gas purging, acetonitrile (73.8 mL) was added and the mixture was stirred on an oil bath at 70 
B Cfor 30 minutes. Thereafter, butyl acrylate (132 g), methyl 2-brcmopropionate (14.4 mL, 0.129 mol) and pentameth- 
yldlethylenetriamine (4.69 mL, 0.022 mol) were added and the reaction was started. Under heating at 70 °C with 
w constant stirring, butyl acrylate (528 g) was continuously added dropwlse over 90 minutes and the whole mixture was 
stirred under heating for 80 minutes. 

[0410] This reaction mixture was diluted with toluene and passed through an activated alumina column, and the 
volatile matter was distilled off under reduced pressure, whereby a poly(butyl acrylate) having a Br group at one mo- 
lecular chain terminus (polymer [21 ]) was obtained. This polymer [21 ] had a number average molecular weight of 5800 
20 and a molecular weight distribution value of 1 .14. 

(Production Example 8) Example of synthesis of a poly(butyl acrylate) having an aikenyl group at one molecular chain 
terminus 

25 [041 1 ] A 500-mL flask equipped with a condenser was charged with the polymer [21 ] (1 50 g) obtained in Production 
Example 2, potassium pentenoate (8.29 g) and N,N-dimethylacetamlde (150 mL) and the mixture was stirred at 70 °C 
for 6 hours. The N,N-dimethyIacetamide was then distilled off and the residue was diluted with toluene and treated 
with an activated aluminacolumn. The toluene was then distilled off to give a polymer. 

[0412] A reaction vessel was charged with the above polymer (20 g) , aluminum silicate (4.0 g, product of Kyowa 
30 Chemical, Kyowaad 700 PEL) and toluene (20 mL) and the mixture was stirred under nitrogen at 1 00 °C for 1 hour. 
The aluminum silicate was then filtered off and the filtrate was concentrated to give a poly(butyl acrylate) having an 
alkenyl group at one molecular chain terminus (polymer [22]). This polymer had a number average molecular weight 
of 5800 and a molecular weight distribution value of 1 .1 3. The viscosity was 11 Pa-s (Type E viscosimeter,. 23 °C). 

35 (Production Example 9) Example of synthesis of a poly(butyl acrylate) having a silyl group at one molecular chain 
terminus 

[041 3] A 30-mL pressure-resisting reaction vessel was charged with the polymer [22] (9.4 g) obtained In Production 
Example 7, dimethoxymethylhydrosilane (0.58 mL, 4.7 mmol), methyl orthoformate (0.17 mL, 1.6 mmol) and platinum 

40 (0)-1,1,3,3-tetramethyl-1,3-divlnyldlslloxane complex. The amount of use of the platinum catalyst was 10- 4 molar equiv- 
alents with respect to the alkenyl group of the polymer. This reaction mixture was heated at 1 00 °C for 1 hour. Then, 
dimethoxymethylhydrosilane (0.58 mL, 4.7 mmol) and platlnum(0)-1,1,3,3-tetramethyl-1,3-dlvlnyldlslloxane complex 
(2x 1 Q- 4 malar equivalents with respect to the alkenyl group of the polymer) were further added and the whole mixture 
was heated at 100 °C for 1 hour. This reaction mixture was concentrated to give a poly(butyl acrylate) having a silyl 

45 group at one molecular chain terminus (polymer [23]). This polymer had a number average molecular weight of 61 00 
and a molecular weight distribution value of 1.18. The average number of silyl groups introduced per mole of the 
polymer was 1 .0. The viscosity was 13 Pa-s (Type E viscosimeter, 23 °C). 

(Example 13) 

50 

[0414] One-hundred parts of the polymer [20] obtained In Production Example 6 and 50 parts of polymer [23] as a 
reactive plasticizer were admixed, followed by addition of 1 part of Sn (IV) catalyst (dibutyltin diacetylacetonate) with 
stirring, and the whole mixture was degassed under reduced pressure and molded to give a cured product In the form 
of a 2 mm-thick flat sheet. Curing was effected by allowing the sample to stand in an interior environment for 1 day 
55 and further at 50 °C for one day. Then, the gel fraction was determined. The viscosity of a mixture of 100 parts of 
polymer [20] and 50 parts of polymer [23] was also measured (Type E viscosimeter, 23°C). The results are shown in 
Table 9. 
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(Comparative Example 9) 

[0415] Except that a nonreactive plasticizer having no sliyl group (polymer [22]) was used in lieu of the reactive 
plastlclzer (polymer [23]) used in Example 1 3, a cured product was fabricated and evaluated in the same manner as 
in Example 1 3. The viscosity of a mixture of 1 00 parts of polymer [20] and 50 parts of polymer [22] was also measured 
[Type E viscosimeter, 23 °C]. The results are shown in Table 9. 

(Reference Example 1) 

[0416] Except that the reactive plasticizer (polymer [23]) used in Example 13 was omitted from the formulation, a 
cured product was fabricated and evaluated in the same manner as in Example 13. The viscosity of polymer [20] alone 
was also measured JType E viscosimeter, 23 °C]. The results are shown in Table 9. 



Table 9 



Gel fraction and composition viscosity of cured product when reactive plasticizer (E) is used 




Gel fraction (%) 


Viscosity (Pa-s) 


Ex. 13 


70 


44 


Compar. Ex. 9 


50 


42 


Ref. Ex. 1 


80 


67 



(Example 14) 

[0417] A cured product was fabricated in the same manner as in Example 13, except that curing was effected by 
allowing the sample to stand in an interior environment for 2 days and further at 50 °C for 3 days. From the cured 
product in the form of a sheet, a No. 2 (1/3) dumbbell testpiece was punched out and subjected to tensile testing with 
Shimadzu Corporation's autograph (measuring conditions: 23 *C, 200 mm/min). The results are shown in Table 10. 

(Comparative Example 1 0) 

[0418] A cured product was fabricated in the same manner as In Comparative Example 9, except that curing was 
effected In the same manner as in Example 14 and the cured product was subjected to tensile testing as in Example 
14. The resuits are shown In Table 10. 



Table 10 



Tensile characteristics of the cured product when reactive plasticizer (E) is used 




M50 (MPa) 


M100 (MPa) 


Tmax (MPa) 


Eb(%) 


Ex. 14 


0.017 


0.031 


0.108 


280 


Compar. Ex. 9 


0.038 


0.071 


0.103 


150 



Examples relating to the fifth aspect of the invention 
(Production Example 10) 

[041 9] A 1 f>L separable flask equipped with a reflux-condenser and a stirrer was charged with CuBr (28.0 g, 0. 1 95 
mol). After nitrogen gas purging, acetonitrile (559 ml_) was added and the mixture was stirred on an oil bath at 70 °C 
for 15 minutes. Thereafter, butyl acrylate (1 .00 kg), diethyl 2,5-dibromoadipate (11 7 g, 0.325 mol) and pentamethyldi- 
ethylenetriamine [hereinafter referred to briefly as triamine] (1 .70 mL, 1 .41 g, 8. 14 mmol) were added and the reaction 
was started. Under heating at 70 °C with constant stirring, butyl acrylate (4.00 kg) was continuously added dropwise 
over 175 minutes. In the course of dripping butyl acrylate, triamine (8.50 mL, 7.06 g, 40.7 mmol) was further added. 
At 370 minutes after initiation of the reaction, 1 ,7-octadiene (1 .57 L, 1.17 kg, 7.10 mol) and triamine (20.4 mL, 1 6.9 g, 
97.7 mmol) were added, and the whole mixture was stirred under heating at 70 °C for 220 minutes. 
[0420] This reaction mixture was diluted with hexane and passed through an activated alumina column, and the 
volatile matter was distilled off under reduced pressure, whereby an alkenyl group-terminated polymer (polymer [24]) 
was obtained. This polymer [24] had a number average molecuiar weight of 21300 and a molecular weight distribution 
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value of 1 .3. 

[0421] A2-Lseparableflaskequippedwithacondenserwaschargedwith polymer[24] (0.73kg), potassium benzoate 
(25 g) and N,N-dimethylacetamide (0.7 L) and the mixture was stirred under nitrogen at 70°C for 12 hours. The N,N- 
dimethylacetamide was then distilled off under reduced pressure and the residue was diluted with toluene and treated 

5 with an activated alumina column to remove the toluene-insoluble matter (KBr and excess potassium benzoate). The 
volatile fraction of the filtrate was then distilled off under reduced pressure to give polymer [25]. 
[0422] A 2-L round-bottom flask equipped with a condenser was charged with polymer [25] (0.73 kg), aluminum 
silicate (1 50 g, product of Kyowa Chemical, Kyowaad 700 PEL) and toluene (4.0 L) and the mixture was stirred under 
nitrogen at 100 °C for 5 hours. The aluminum silicate was then filtered off and the toluene in the filtrate was distilled 

10 off under reduced pressure to give polymer [26]. 

[0423] A 1 -L pressure-resisting reaction vessel was charged with polymer [26] (390 g), dimethoxymethyihydrosilane 
(36.0 mL, 0.292 mol), methyl orthoformate (7.10 mL, 0.065 mol) and platinum(0)-1 ,1 ,3,34etramethyl-1 ,3-divinyldisi- 
loxane complex. The amount of use of the platinum catalyst was 10' 2 molar equivalents with respect to the alkenyl 
group of the polymer. This reaction mixture was heated at 1 00 °C for 400 minutes. The volatile fraction of the mixture 

is was then distilled off under reduced pressure to give a silyl-terminated polymer (polymer [27]). This poiymer had a 
number average molecu far we!ght(G PC method, polystyrene equivalent) of 248000 an da molecular weight distribution 
value of 1 .5. The average number of sllyl groups Introduced per mole of the polymer was 3.0 as determined by 1 H 
NMR analysis. 

20 (Production Example 11 ) 

[0424] A 1 -L pressure-resisting reaction vessel was charged with the polymer [26] (300 g) obtained in Production 
Example 10, dimethoxymethyihydrosilane (1 8.0 mL, 0.1 46 mol), methyl orthoformate (4.97 mL, 0.045 mol) and platinum 
(0)-1 ,1 ,3,3-tetramethyM ,3-divinyldisIloxane complex. The amount of use of the platinum catalyst was 1 0" 2 molar equiv- 
25 alents with respect to the alkenyl group of the polymer. This reaction mixture was heated at 1 00 °C for 250 minutes. 
The volatile fraction of the mixture was then distilled off under reduced pressure to give a silyl-terminated polymer 
(polymer [28]). This polymer had a number average molecular weight (G PC method, polystyrene equivalent) of 246000 
and a molecular weight distribution value of 1 .5. The average number of silyi groups introduced per mole of the polymer 
was 1 .2 as determined by 1 H NMR analysis. 

30 

(Example 15) 

[0425] One-hundred parts of the polymer [27] obtained in Production Example 1 0 was mixed with 1 part of silanoi- 
containing compound (CH3) 3 SIOC 6 H 5 , followed by addition of 4 parts of a mixture of Sn (II) catalyst (stannous di- 
ss octanoate) and laurylamine (mixing ratio = 3:1). After stirring and vacuum degassing, a 2 mm-thick cured sheet was 
fabricated. Curing was effected by allowing the sample to stand in an interior environment for 2 days and further at 50 
°C for 3 days. From the cured product in the form of a sheet, a No. 2 (1/3) dumbbell testpiece was punched out and 
subjected to tensile testing with Shlmadzu Corporation's autograph (measuring conditions: 23 °C, 200 mm/min), The 
results are shown In Table 11. 

40 

(Example 16) 

[0426] Except that 1 part of (CH 3 ) 3 SiO[CH 2 CH(CI-l3)0] 7 SiMe3 was used in lieu of 1 part of the silanol-containing 
compound (CH 3 )3SiOC 6 H5 used in Example 15, a cured product was prepared and subjected to tensile testing in the 
45 same manner as in Example 1 5. The results are shown In Table 1 1 . 

(Example 17) 

[0427] Except that 1 part of C 12 H 25 OSilv1e3 was used in lieu of 1 part of the silanol-containing compound 
so (CH 3 ) 3 SiOC 6 H 5 used in Example 15, a cured product was prepared and subjected to tensile testing in the same manner 
as in Example 15. The results are shown in Table 11 . 

(Example 18) 

55 [0428] Except that 1 part of C 4 H g OSiMe 3 was used in lieu of 1 part of the silanol-containing compound 
(CH^SiOCsHg used in Example 1 5, a cured product was prepared and subjected to tensile testing in the same manner 
as in Example 15. The results are shown In Table 11 . 
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(Comparative Example 11) 

[0429] Except that the silanol-containing compound used in Example 1 5 was omitted, a cured product was prepared 
and subjected to tensile testing in the same manner as in Example 1 5. The results are shown in Table 11 . 

(Comparative Example 12) 

[0430J Exceptthat the po!ymer[28] obtained in Production Example 1 1 was employed, a cured product was fabricated 
and subjected to tensile testing in the same manner as in Comparative Example 1 1 . The results are shown in Table 11 . 
[0431 J In all the above examples and comparative examples, the surface condition of the cured product was examined 
by finger touch and the surface tackiness (residual tack) was evaluated. The results are shown in Table 11 . 



Table 11 



Tensile charactei 


istics and surface condition of the cured product when silanol-containing compound (F) is used 




Addition amount (in 
parts) 


M50 (MPa) 


M100 (MPa) 


Tmax (MPa) 


Eb (%) 


Residual tack 


Ex. 15 


1.0 


0.043 


0.074 


0.23 


280 


O 


Ex. 16 


1.0 


0.035 


0.058 


0.16 


260 


O 


Ex. 17 


1.0 


0.058 


0.10 


0.29 


260 


O 


Ex. 18 


1.0 


0.065 


0.11 j 


0.29 


230 


O 


Compar. Ex. 11 


0 


0.11 


0.20 


0.32 


150 


O 


Compar. Ex. 12 


0 


0.056 


0.092 


0.13 


140 


X 


In Table 1, 
Residual tack: 

Not tacky «— 0> A > X —y Tacky 



INDUSTRIAL APPLICABILITY 



[0432] The curable composition according to the first aspect of the present invention, as constituted as above, re- 
duces the surface tackiness (residual tack) of a cured product obtainable by using a vinyl polymer having a crosslinking 
silyl group as the curable component. 

[0433] The curable composition according to the second aspect of the invention, the constitution of which has been 
described above, provides for a reduced surface tackiness (residual tack) , hence a reduced propensity to pick up dust, 
and an improved alkyd-coating coatability of a cured product obtainable by using a vinyl polymer having a crosslinking 
silyl group as the curable component with satisfactory mechanical properties being well sustained. 
[0434] The curable composition according to the third aspect of the invention, also described above, imparts long- 
term heat resistance and weathering resistance to a cured product obtainable with a vinyl polymer having a crosslinking 
functional group and facilitates coating of the cured product with an aikyd coating. 

[0435] The curable composition according to the fourth aspect of the invention, the constitution of which has been 
described above, not only contributes to Improved workability due to reductions in viscosity in formulation and appli- 
cation stages but also imparts flexibility to the cured product and minimizes adverse influences due to plasticizer mi- 
gration. 

[0436] The curable composition according to the fifth aspect of the invention, also described above, is of low viscosity 
and, yet, gives a flexible cured product having a high gel fraction, a reduced surface tack, a low modulus, and a high 
elongation. 



Claims 

1 . A curable composition comprising the following two components: 

(A1) a vinyl polymer having at least one crosslinking silyl group of the general formula (1) on the average per 
molecule: 
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-[Si(R 1 ) 24> (Y) b O]m- Si (R 2 )3.a00a 00 

wherein R 1 and R 2 may be the same or different and each represents an alkyl group containing 1 to 20 carbon 
s atoms, an aryl group containing 6 to 20 carbon atoms, an aralkyl group containing 7 to 20 carbon atoms, or a 

trlorganoslloxy group of the formula (R') a SiO-, where R* represents a univalent hydrocarbon group containing 1 to 
20 carbon atoms and the plurality of R' groups may be the same or different, and when two or more R 1 or R 2 
groups are present, the plurality of groups may be the same or different; Y represents a hydroxyl group or a 
hydroiyzable group and, when two or more Y groups are present, they may be the same or different; a represents 
10 an integer of 0, 1 , 2 or 3; b represents an integer of 0, 1 or 2; m is an integer of 0 to 1 9; with the condition that the 

relation of a + mb £ 1 is satisfied and 
(B) a photocurable substance. 

2. The curable composition according to Claim 1 , 
ts wherein the vinyl polymer (A1 ) has a molecular weight distribution value of less than 1 .8. 

3- The curable composition according to Claim 1 or 2, 

wherein the vinyl polymer (A1) is a (meth)acrylic polymer. 

20 4. The curable composition according to Claim 3 

wherein the vinyl polymer (A1) is an acrylic polymer. 

The curable composition according to any of Claims 1 to 4 

wherein the vinyl polymer (A1) has a main chain produced by living radical polymerization technique. 

The curable composition according to Claim 5 

wherein the vinyi polymer (A1) has a main chain produced by atom transfer radical polymerization technique. 

7. The curable composition according to any of Claims 1 to 6 

30 wherein the vinyi polymer (A1) has at least one crossiinking sllyl group of the general formula (1) at the 

molecular chain terminus on the average per molecule. 

8. The curable composition according to any of Claims 1 to 7 

wherein the vinyl polymer (A1 ) is obtainable by a process comprising 

35 

(1 ) a step of polymerizing a vinyl monomer by an atom transfer radical polymerization technique to synthesize 
a halogen-terminated vinyl polymer, 

(2) a step of reacting the halogen-terminated vinyl polymer obtained in said step (1) with an alkenyl group- 
containing oxyanion to effect substitution for the halogen and thereby synthesize an aikenyl-terminated vinyl 

40 polymer, and 

(3) a step of adding a hydrosilane compound having a crossiinking siryl group represented by the general 
formula (1) to the terminal alkenyl group of the aikenyl-terminated vinyl polymer obtained in said step (2) to 
convert the terminal alkenyl group to a substituent containing said crossiinking sllyi group. 

45 9. The curable composition according to any of Claims 1 to 7 

wherein the vinyl polymer (A1) is obtainable by a process comprising 

(1) a step of polymerizing a vinyj monomer by a living radical polymerization technique to prepare a vinyi 
polymer, 

so (2) a step of reacting the polymer further with a compound having at least two sparingly polymerizable alkenyl 

groups to synthesize an aikenyl-terminated vinyl polymer, and 

(3) a step of adding a hydrosilane compound having a crossiinking siiyi group represented by the general 
formula (1) to the terminal alkenyl group of the aikenyl-terminated vinyl polymer obtained in said step (2) to 
convert the terminal alkenyl group to a substituent containing said crossiinking sllyl group. 

55 

10. The curable composition according to any of Claims 1 to 9 

wherein the photocurable substance (B) is an unsaturated acrylic compound. 



25 
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1 1 . A curable composition comprising the following two components: 

(A2) a vinyl polymer having at least one crosslinking silyl group of the general formula (1) on the average per 
molecule: 

-[Si(R 1 ) 2 ^fY) b O] m .Si(R 2 )3. a (Y) a (1) 

wherein R 1 and R 2 may be the same or different and each represents an alkyl group containing 1 to 20 carbon 
atoms, an aryl group containing 6 to 20 carbon atoms, an aralkyl group containing 7 to 20 carbon atoms, or a 
triorganosiloxy group of the formula (R'^SiO-, where R' represents a univalent hydrocarbon group containing 1 to 
20 carbon atoms and the plurality of R' groups may be the same or different, and when two or more Rt or R2 
groups are present, the plurality of groups may be the.same or different; Y represents a hydroxy! group or a hy- 
drolyzable group and, when two or more Y groups are present, they may be the same or different; a represents 
an integer of 0, 1 , 2 or 3; b represents an integer of 0, 1 or 2; m is an integer of 0 to 1 9; with the condition that the 
relation of a + mb £ 1 is satisfied and 
(C) an air oxidation-curable substance. 

12. The curable composition according to Claim 11 

wherein the vinyl polymer (A2) has a molecular weight distribution value of less than 1 .6. 

13. The curable composition according to Claim 11 or 12 

wherein the vinyl polymer (A2) is a (meth)acrylic polymer. 

14. The curable composition according to Claim 13 

wherein the vinyl polymer (A2) is an acrylic polymer. 

15. The curable composition according to any of Claims 11 to 14 

wherein the vinyl polymer (A2) has a main chain produced by living radical polymerization technique. 

16. The curable composition according to Claim 15 

wherein the vinyl polymer (A2) has a main chain produced by atom transfer radical polymerization technique. 

17. The curable composition according to any of Claims 11 to 1 6 

wherein the vinyl polymer (A2) has at least one crosslinking silyl group of the general formula (1) at the 
molecular chain terminus on the average per molecule. 

18. The curable composition according to any of Claims 11 to 1 7 

wherein the vinyl polymer (A2) is obtainable by a process comprising 

(1) a step of polymerizing a vinyl monomer by an atom transfer radical polymerization technique to synthesize 
a halogen-terminated vinyl polymer, 

(2) a step of reacting the halogen-terminated vinyl polymer obtained in said step (1) with an alkenyl group- 
containing oxyanlon to effect substitution for the halogen and thereby synthesize an alkenyl-terminated vinyl 
polymer, and 

(3) a step of adding a hydrosilane compound having a crosslinking silyl group represented by the general 
formula (1) to the terminal alkenyl group of the alkenyl-terminated vinyl polymer obtained in said step (2) to 
convert the terminal alkenyl group to a substituent containing said crosslinking silyl group. 

19. The curable composition according to any of Claims 11 to 1 7 

wherein the vinyl polymer (A2) is obtainable by a process comprising 

(1) a step of polymerizing a vinyl monomer by a living radical polymerization technique to prepare a vinyl 
polymer, 

(2) a step of reacting the polymer further with a compound having at least two sparingly polymerizabte alkenyl 
groups to synthesize an alkenyl-terminated vinyl polymer, and 

(3) a step of adding a hydrosilane compound having a crosslinking silyl group represented by the general 
formula (1) to the terminal alkenyl group of the alkenyl-terminated vinyl polymer obtained In said step (2) to 
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convert the terminal alkenyl group to a substituent containing said crosslinking silyl group. 

20. The curable composition according to any of Claims 11 to 19 

wherein the air oxidation-curable substance (C) is tung oil or a liquid diene polymer. 

5 

21 . A curable composition comprising the following two components: 

(A3) a vinyl polymer having at least one crosslinking functional group on the average per molecule and 
(D) a high molecular plasticizer. 

10 22. The curable composition according to Claim 21 

wherein the vinyl polymer (A3) is a molecular weight distribution value of less than 1 .8. 



15 



23. The curable composition according to Claim 21 or 22 
wherein the vinyl polymer (A3) Is a (meth) acrylic polymer. 

24. The curable composition according to Claim 21 or 22 

wherein the vlnyi polymer (A3) is an acrylic polymer. 

25. The curable composition according to any of Claims 21 to 24 

20 wherein the crosslinking functional group of the vinyl polymer (A3) is a crosslinking silyl group. 

26. The curable composition according to any of Claims 21 to 24 

wherein the crosslinking functional group of the vinyl polymer (A3) is an alkenyl group. 

25 27. The curable composition according to any of Claims 21 to 24 

wherein the crosslinking functional group of the vinyl polymer (A3) is a hydroxyl group. 

28. The curable composition according to any of Claims 21 to 24 

wherein the crosslinking functional group of the vinyl polymer (A3) is an amino group. 

30 

29. The curable composition according to any of Claims 21 to 24 

wherein the crosslinking functional group of the vinyl polymer (A3) has a poiymerizable carbon-carbon double 

bond. 

35 30. The curable composition according to any of Claims 21 to 24 

wherein the crosslinking functional group of the vinyl polymer (A3) Is an epoxy group. 

31. The curable composition according to any of Claims 21 to 30 

wherein the vinyl polymer (A3) has a main chain produced by living radical polymerization technique. 

40 

32. The curable composition according to Claim 31 

wherein the vinyl polymer (A3) has a main chain produced by atom transfer radical polymerization technique. 

33. The curable composition according to Claim 32 

45 wherein the atom transfer radical polymerization technique is carried out by using, as the catalyst, a transition 

metal complex whose center metal belongs to group 7, 8, 9, 10 or 11 of the periodic table of the elements. 

34. The curable composition according to Claim 33 

wherein the transition metal complex is a complex of copper, nickel, ruthenium or iron. 

50 

35. The curable composition according to Claim 34 

wherein the transition metal complex is a complex of copper. 

36. The curable composition according to any of Claims 21 to 35 

55 wherein the high molecular plasticizer (D) has a number average molecular weight of 500 to 1 5000. 

37. The curable composition according to Claim 36 

wherein the high molecular plasticizer (D) has a number average molecular weight of 800 to 1 0000. 
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38. The curable composition according to Claim 37 

wherein the high molecular plasticizer (D) has a number average molecular weight of 1000 to 8000. 

39. The curable composition according to any of Claims 21 to 38 

wherein the high molecular plasticizer (D) Is a vinyl polymer. 

40. The curable composition according to Claim 39 

wherein the high molecular plasticizer (D) has a molecular weight distribution value of less than 1 .8. 

41 . The curable composition according to Claim 39 or 40 

wherein the high molecular plasticizer (D) is a (meth)acrylic polymer. 

42. The curable composition according to Claim 40 or 41 

wherein the high molecular-plastlcizer (D) Is an acrylic polymer. 

43. The curable composition according to any of Claims 40 to 42 

wherein the high molecular plasticizer (D) is produced by living radical polymerization technique. 

44. The curable composition according to Claim 43 

wherein the high molecular plasticizer (D) is produced by atom transfer radical polymerization technique. 

45. The curable composition according to any of Claims 21 to 44 

wherein the addition amount of the high molecular plasticizer (D) is 5 to 150 weight parts based on 100 weight 
parts of the vinyl polymer (A3) having at least one crossiinking functional group. 

46. A curable composition comprising the following two components: 

(A4) a vinyl polymer having not less than 1 .1 of crossiinking silyl group of the general formula (1) on the average 
per molecule: 

- [Si(R 1 ) 2 . b (Y) b O] ra .Si(R 2 ) 3 . a (Y) a (1) 

wherein R 1 and R 2 may be the same or different and each represents an alkyl group containing 1 to 20 carbon 
atoms, an aryl group containing 6 to 20 carbon atoms, an aralkyl group containing 7 to 20 carbon atoms, or a 
triorganosiloxy group of the formula (R') 3 SiO-, where R' represents a univalent hydrocarbon group containing 1 to 
20 carbon atoms and the plurality of R' groups may be the same or different, and when two or more R 1 or R 2 
groups are present, the plurality of groups may be the same or different; Y represents a hydroxyl group or a 
hydrolyzable group and, when two or more Y groups are present, they may be the same or different; a represents 
an Integer of 0, 1 , 2 or 3; b represents an integer of 0, 1 or 2; m is an Integer of 0 to 1 9; with the condition that the 
relation of a + mb £ 1 is satisfied and 

(E) a reactive plasticizer comprising a vinyl polymer having not more than one of crossiinking silyl group of the 
general formula (1) on the average per molecule. 

47. The curable composition according to Claim 46 

wherein the vinyl polymer (A4) has a molecular weight distribution value of less than 1 .8. 

48. The curable composition according to Claim 46 or 47 

wherein the vinyl polymer (A4) is a (meth)acrylic polymer. 

49. The curable composition according to Claim 48 

wherein the vinyl polymer (A4) is an acrylic polymer. 

50. The curable composition according to any of Claims 45 to 49 

wherein the vinyl polymer (A4) has a main chain produced by living radical polymerization technique. 

51 . The curable composition according to Claim 50 

wherein the vinyl polymer (A4) has a main chain produced by atom transfer radical polymerization technique. 
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52. The curable composition according to any of Claims 46 to 51 

wherein the vinyl polymer (A4) has not less than 1 .1 of crosslinking silyl group of the general formula (1) at 
the molecular chain terminus on the average per molecule. 

53. The curable composition according to any of Claims 46 to 52 

wherein the vinyl polymer (A4) is obtainable by a process comprising 

(1 ) a step of polymerizing a vinyl monomer by an atom transfer radical polymerization technique to synthesize 
a halogen-terminated vinyl polymer, 

(2) a step of reacting the halogen-terminated vinyl polymer obtained in said step (1) with an alkenyl group- 
containing oxyanion to effect substitution for the halogen and thereby synthesize an alkenyl-terminated vinyl 
polymer, and 

(3) a step of adding a hydrosilane compound having a crosslinking silyl group represented by the general 
formula (1) to the terminal alkenyl group of the alkenyl-terminated vinyl polymer obtained In said step (2) to 
convert the terminal alkenyl group to a substituent containing said crosslinking silyl group. 

54. The curable composition according to any of Claims 46 to 52 

wherein the vinyl polymer (A4) is obtainable by a process comprising 

(1) a step of polymerizing a vinyl monomer by a living radical polymerization technique to prepare a vinyl 
polymer, 

(2) a step of reacting the polymer further with a compound having at least two sparingly poiymerizable alkenyl 
groups to synthesize an alkenyl-terminated vinyl polymer, and 

(3) a step of adding a hydrosilane compound having a crosslinking silyl group represented by the general 
formula (1) to the terminal alkenyl group of the alkenyl-terminated vinyl polymer obtained in said step (2) to 
convert the terminal alkenyl group to a substituent containing said crosslinking silyi group. 

55. The curable composition according to any of Claims 46 to 54 

wherein the reactive plastlclzer (E) has a molecular weight distribution value of less than 1 .8. 

56. The curable composition according to any of Claims 46 to 55 

wherein the reactive plasticizer (E) has a number average molecular weight of 500 to 15000. 

57. The curable composition according to any of Claims 46 to 56 

wherein the reactive plasticizer (E) is lower in viscosity than the vinyl polymer (A4). 

58. The curable composition according to any of Claims 46 to 57 

wherein the reactive plasticizer (E) is a (meth)acrylic polymer. 

59. The curable composition according to Claim 58 

wherein the reactive plasticizer (E) Is an acrylic polymer. 

60. The curable composition according to any of Claims 46 to 59 

wherein the reactive plasticizer (E) has a polymer main chain produced by living radical polymerization tech- 
nique. 

61. The curable composition according to Claim 60 

wherein the reactive plasticizer (E) has a polymer main chain produced by atom transfer radical polymeri- 
zation technique. 

62. The curable composition according to any of Claims 46 to 61 

wherein the reactive plasticizer (E) is obtainable by a process comprising 

(1 ) a step of polymerizing a vinyl monomer by an atom transfer radical polymerization technique to synthesize 
a vinyl polymer having a highly reactive, carbon-halogen bond at only one molecular chain terminus, 

(2) a step of reacting the vinyl polymer having a highly reactive carbon-halogen bond at only one molecular 
chain terminus as obtained in said step (1) with an alkenyl group-containing oxyanion to effect substitution for 
the halogen and thereby synthesize a vinyl polymer having an alkenyl group at only one molecular chain 
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terminus, and 

(3) a step of adding a hydrosiiane compound having a crossiinking silyl group represented by the general 
formula (1) to the terminal alkenyl group of the vinyl polymer having an alkenyi group at only one molecular 
chain terminus as obtained in said step (2) to convert the terminal alkeny! group to a substituent containing 
said crossiinking silyl group. 

63. The curable composition according to any of Claims 46 to 61 

wherein the reactive plasticizer (E) is produced by a process comprising 

(1 ) a step of polymerizing a vinyl monomer by a living radical polymerization technique using an initiator having 
one initiation point to prepare a vinyl polymer, 

(2) a step of reacting the polymer further with a compound having at least two sparingly polymerizable alkenyl 
groups to synthesize an alkenyl-terminated vinyl polymer, and 

(3) a step of adding a hydrosiiane compound having a crossiinking silyl group represented by the general 
formula (1) to the terminal alkenyl group of the alkenyl-terminated vinyl polymer obtained in said step (2) to 
convert the terminal alkenyl group to a substituent containing said crossiinking silyl group. 

64. A curable composition comprising the following two components: 

(A5) a vinyl polymer having at least one crossiinking silyl group of the general formula (1) on the average per 
molecule, the main chain of which polymer has been obtained by a living polymerization technique; 

-[Si<R 1 ) 2 ^(Y) b O] m -Si(R 2 )3. a (Y) a (1) 

wherein R 1 and R 2 may be the same or different and each represents an alkyl group containing 1 to 20 carbon 
atoms, an ary! group containing 6 to 20 carbon atoms or an aralkyl group containing 7 to 20 carbon atoms and 
when two or more R 1 or R 2 groups are present, the plurality of groups may be the same or different; Y represents 
a hydroxy! group or a hydrolyzable group and, when two or more Y groups are present, they may be the same or 
different; a represents an integer of 0, 1 , 2 or 3; b represents an integer of 0, 1 or 2; m is an integer of 0 to 1 9; with 
the condition that the relation of a + mb £ 1 is satisfied, and 

(F) a compound (I) having one silanol group per molecule and/or a compound (II) capable of reacting with moisture 
to give a compound having one silanol group per molecule. 

65. The curable composition according to Claim 64 

wherein the vinyl polymer (AS) has a molecular weight distribution value of less than 1 .8. 

66. The curable composition according to Claim 64 or 65 

wherein the vinyl polymer (A5) is a (meth) acrylic polymer. 

67. The curable composition according to Claim 66 

wherein the vinyl polymer (AS) is an acrylic polymer. 

68. The curabie composition according to any of Claims 64 to 67 

wherein the vinyl polymer (A5) has a main chain produced by living radical polymerization technique. 

69. The curable composition according to Claim 68 

wherein the vinyl polymer (A5) has a main chain produced by atom transfer radical polymerization technique. 

70. The curable composition according to any of Claims 64 to 69 

wherein the vinyl polymer (A5) has at least one crossiinking silyl group of the general formula (1) at the 
molecular chain terminus on the average per molecule. 

71 . The curable composition according to any of Claims 64 to 70 

wherein the vinyl polymer (AS) is obtainable by a process comprising 

(1 ) a step of polymerizing a vinyl monomer by an atom transfer radical polymerization technique to synthesize 
a halogen-terminated vinyl polymer, 
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(2) a step of reacting the halogen-terminated vinyl polymer obtained In said step (1) with an alkenyl group- 
containing oxyanion to effect substitution for the halogen and thereby synthesize an alkenyl-terminated vinyl 
polymer, and 

(3) a step of adding a hydrosllane compound having a crosslinking siiyl group represented by the general 
formula (1) to the terminal alkenyl group of the alkenyl-terminated vinyl polymer obtained In said step (2) to 
convert the terminal alkenyl group to a substituent containing said crosslinking siiyl group. 

72. The curable composition according to any of Claim 64 to 70 

wherein the vinyl polymer (A5) is obtainable by a process comprising 

(1) a step of polymerizing a vinyl monomer by a living radical polymerization technique to prepare a vinyl 
polymer, 

(2) a step of reacting the polymer further with a compound having at least two sparingly polymerizable alkenyl 
groups to synthesize an alkenyl-terminated vinyl polymer, and 

(3) a step of adding a hydrosllane compound having a crosslinking sllyl group represented by the general 
formula (1) to the terminal alkenyl group of the alkenyl-terminated vinyl polymer obtained In said step (2) to 
convert the terminal alkenyl group to a substituent containing said crosslinking sllyl group. 

73. The curable composition according to any of Claims 64 to 72 

wherein the compound (I) having one silanol group per molecule for (F) component is represented by the 
general formula (48); 

(R 28 ) 3 SIOH (48) 

wherein R 26 represents a univalent hydrocarbon group containing 1 to 20 carbon atoms and the plurality of R 2 * 
groups may be the same or different. 

74. The curable composition according to any of Claims 64 to 72 

wherein the compound (II) capable of reacting with moisture to give a compound having one silanol group 
per molecule, which Is used as (F) component, is capable of reacting with moisture to give a compound represented 
by the general formula (48); 

(R 26 ) 3 SIOH (48) 

wherein R 26 represents a univalent hydrocarbon group containing 1 to 20 carbon atoms and the plurality of R 26 
groups may be the same or different. 

75. The curable composition according to Claim 74 

wherein the compound (II) capable of reacting with moisture to give a compound having one silanol group 
per molecule, which is used as (F) component, is (CH 3 ) 3 SiNHSi(CH 3 )3. 

76. The curable composition according to Claim 74 

wherein the compound (II) capable of reacting with moisture to give a compound having one silanol group 
per molecule, which is used as (F) component, is represented by the general formula (49) ; 

((R 26 ) 3 SIO) n R 27 (49) 

wherein R 26 represents a univalent hydrocarbon group containing 1 to 20 carbon atoms and the plurality of R 26 
groups may be the same or different; n represents a positive number; R 27 represents a residual group derived 
from an active hydrogen-containing compound by removal of part or the whole of active hydrogen. 

77. The curable composition according to Claim 73, 74 or 76 

wherein, referring to the compound represented by the general formula (48) or (49), at least one R 26 group 
is a methyl group. 
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78. The curable composition according to Claim 73 or 74 

wherein the compound represented by the general formula (48) is trimethylsilanol. 

79. The curable composition according to Claim 76 

wherein, referring to the general formula (49), the active hydrogen-containing compound from which R 27 is; 
derived is a phenoi, an acid amide or an alcohol. 
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